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Foreword · 
This manual has been written for the sole purpose of mitigating storm. damage from 
high wind conditions in residential light frame construction. The manual has 
avoided elaborate technical explanations and instead has taken a graphics 
approach to illustrate basic concepts related to wind loading, construction 
techniques, and engineering design and analysis. The manual is written for the 
layperson, rather than the academic; the contractor rather than the engineer. 
The basic information contained in chapters 1 through 3 was intended to introduce 
the basics of wind loads on buildings, the basics of nailing behavior, and the basic 
problems with current platform framing. Chapters 4, 5 and 6 explained in detail the 
problems associated with platform framing construction today. Chapter 7 will 
provide insights into the design ideas, concepts and framing requirements that will 
mitigate structural damage due to moderate to high winds. The information 
contained in this Chapter will benefit owners, contractors, lenders, appraisers and 
insurance carriers by offering ideas for a greater degree of safety for the occupants 
and a reduction in construction damage under the action of wind loading on 
residential construction. It does not guarantee that damage will be totally avoided, 
or assure safety from a direct hit from a tornado or from associated projectiles. But, 
the incorporation-of the details contained in this Chapter will provide an 
opportunity to enhance the structural capability of the residence and provide a 
greater chance of mitigating structural damage; thus preventing residents from 
being forced to leave their home. The cost to incorporate these details is in the 
range of 1 °/o-3°/o of the cost of new residential construction. A small price to pay for 
the potential benefit of s_ecurity and safety. 
A "quick start" for readers wanting to understand the problems and go right to the 
design solutions would be to read Chapters 1, 2, 3, and Chapter 7. Readers, who 
want more information on the behavior of a building subjected to wind and 
associated pitfalls, are referred to Chapters 4, 5, and 6. 
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Chapter 1 - Wind Basics 
Introduction 
Wind forces are the most common source of damage to light frame construction, 
sometimes resulting in total destruction. Wind behavior and velocity are influenced by 
such factors as geographic location, variations in topography (surface roughness), building 
size and configuration, openings, and building stiffness. 
The dynamic behavior of wind near the earth's surface is erratic and unpredictable, many 
times producing a condition called gusting. Gusting is the result of the wind suddenly 
changing direction, totally reversing its motion. Most people have experienced leaning 
into the wind, only to find that upon a gust reversal they are suddenly thr~st forward or to 
the side. Buildings similarly experience reversals in stress, causing members and 
connections to rapidly switch between tension and compression. Buildings also move and 
deform under wind force /and respond to gusts that change the wind direction by twisting 
or racking. This results in recognizable creaking noises and can cause nail pops and tears 
in interior drywall. 
Tornadoes represent the most extreme and violent type of wind produced by nature. 
Buildings are not typically designed for such wind conditions, but are designed according 
to building codes to handle wind speeds in the range of 70 to 110 miles per hour, 
depending on geographic location. Why then does so much wind damage and 
destruction happen to light frame construction buildings during wind storms? Are the 
building codes inadequate? Are the construction methods inadequate? The answers to 
these questions will be addressed in the following chapters. First, it is helpful to explain a 
few wind basics that apply to light frame construction and are presently incorporated in 
building codes. 
Wind Basics 
Wind velocity varies with the height and increases according to a power curve based on 
the height above the ground. The wind velocity near the ground is slowed down 
according to the surface roughness present. Open areas near airports for example present 
very little drag to slow down the wind, which is why wind speeds are measured at 
airports. Forested areas and urban areas with an extensive array of buildings present 
considerable drag on wind speed. Surface roughness from a subdivision of residential 
construction can create erratic wind behavior as the wind attempts to move in and around 
the building obstructions. 
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To clarify wind behavior as it approaches a building and attempts to move around it, 
assume wind is moving from left to right and strikes a building as shown in figure 1. 
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Fig.1 - PRESSURE VS. SUCTION 
The wind will strike, and be slowed down by, walls and sloping roof planes. Yet, it will 
speed up around the sidewalls in an attempt to rejoin at the backside of the building and 
resume the speed it had as it approached the building. The front, or windward wall 
receives a wind pressure that pushes the wall inward, while the rear, or leeward wall, 
receives a suction that pu lis the wall outward as the wind races by. The windward roof 
slope generally receives pressure and an inward push, while the leeward roof slope 
always receives suction and an outward pull. The curved dashed lines represent the 
exaggerated deformed response of the building surfaces to pressure (+) or suction (-) The 
sidewalls are those walls parallel with the wind direction. The side walls always receive 
suction and an outward pull as the wind races to catch up with the wind going over the 
building as shown in figure 2 below. 
WIN~ SUCTION 
SUCTION 
~ 
WIND 
Fig. 2 - SIDEWALLS (WALLS PARALLEL TO WIND DIRECTION) ALWAYS 
RECEIVE A SUCTION 
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It becomes apparent that wind follows the laws of fluid mechanics with respect to flow, 
drag and obstructions. From figure 3 it can be concluded that regardless of the surface 
orientation, wind will always strike perpendicular to a surface. A low slope windward 
surface or a flat roof will always receive suction and an upward pull. 
Fig. 3 - ALWAYS APPLY PERPENDICULAR TO SURFACES 
It should also be recognized that wind could come at a building from any direction, as 
shown in figure 4. 
Fig. 4 - WIND CAN COME FROM ANY DIRECTION 
Besides the external surfaces of the building volume, a different atmospheric pressure 
exists inside the volume than exists around the volume. This introduces small internal 
pressures or suctions that are always additive to the external pressures and suctions as 
shown in figure 5. (next page). 
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ALWAYS ADDITIVE TO EXTERNAL VALUES 
Fig. 5 - EXTERNAL VS. INTERNAL PRESSURES & SUCTIONS 
Thus, when a building is enclosed it receives both internal and external pressures or 
suctions simultaneously, as shown in figure 6 below. 
INTERNAL 
PRESSURES 
---) ~CI~ SUCfiON 
Fig. 6- ENCLOSED BUILDING 
If the building has a large opening, such as a two-car garage, the internal pressures 
approximate the magnitude of the external suctions creating significant wind forces to be 
resisted as shown in figure 7 below. 
WIND 
Fig. 7- OPEN BUILDING 
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Light-gage metal garage door tracks, and wood, metal or even plastic garage doors are 
typically Weak. The typical garage door does not prevent air infiltration around its 
perimeter. When the wind direction produces windward pressures on the ·door surface, 
the air infiltration will tend to inflate the garage space like a balloon, as shown in the top 
of figure 8. When the wind direction is from the opposite side from the garage door or 
from the side of the garage, suction occurs and air is actually sucked out of the garage 
space around the perimeter of the door, as shown in the lower two illustrations of figure 
8. 
OPENING ON 
WINDWARD WALL 
OPENING ON 
LEEWARD WALL 
OPENING ON 
SIDE WALL 
Fig. 8- WIND BEHAVIOR AT GARAGE DOOR 
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The door deflects either outward or inward in response to the wind direction. Also, the 
track rotates and pulls the screws out in direct withdrawal, usually collapsing the door. 
This is illustrated in figure 9. Once the garage door plane is broken and wind can enter, 
the condition illustrated in figure 7 will either lift the entire garage off its foundation, twist 
it off its foundation and tear it from the attached home, or shear (slide) it off its foundation. 
This condition is prevalent in many windstorm damaged neighborhoods. 
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FIG. 9 - WIND - BEHAVIOR ON GARAGE DOOR 
TRACK ASSEMBLY 
Figure 8 is a modified version of a drawing used at a recent wind load seminar held by the 
Door & Access Systems Manufacturers Association (DASMA). Figure 9 is a reproduction of 
a drawing from the 1996 Draft Guidelines for One and Two Family Homes produced by 
the Insurance Institute for Property Loss Reduction (IIPLR). 
Building codes are a compilation of recommendations and requirements that have been 
tested and verified by the research of academics, material manufacturers and practitioners. 
They include wind load provisions that attempt to account for all the basic influences 
mentioned above. Unfortunately, the code provisions for wind at this point in time are 
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limited to basic shapes with or without inclined roof surfaces, and enclosed volumes or 
volumes with large openings. Wind tunnel tests can be made for irregular shapes, or 
shapes constricted by a variety of surrounding obstructions. This process is fairly accurate, 
but time-consuming and too expensive for the average light frame constructed residence. 
Thus, the present status of building codes is our best source of criteria and provisions for 
wind design. When a residence is properly constructed and engineered to the building 
code it should satisfactorily resist structural damage from windstorms. Yet, the national 
building codes cannot respond to the variety of residential configurations or to the 
architectural stylistic trends that are currently fashionable, which have influenced the 
stiffness and strength of the building volume. The Southern Building Code uniquely has 
responded with a high wind edition in 1995 for wood frame construction, which is quite 
excellent as a reference. The stiffness and strength problems will be discussed in the 
following chapters. 
Conclusions 
It is clear from the basic wind facts, that as wind moves past a building, the entire volume 
is simultaneously subjected to pressures and suctions uniquely on all surfaces. The 
building's components and their connections must have sufficient strength to resist the 
pulls and pushes that produce tension or compression in light frame construction. The 
basic wind load requirements for strength and stability found in all the building codes 
include resistance to: 
(1) Overturning 
(2) Sliding 
(3) Uplift 
When wind hits the building volume as depicted in figure 1, uplift (suction) on one or 
both roof surfaces combines with the pressure on the windward wall and the suction on 
the leeward wall to cause the building to pivot about the bottom of the leeward wall. This 
action will rotate the entire building off its foundation as illustrated in figure 10. (next 
page). This is called Overturning. Resistance to overturning involves a tension tie-down 
(or anchorage) to the foundation on the windward side. Given that wind can come from 
any direction, this tie-down system to the foundation must exist at discrete points around 
the entire building perimeter. The exterior wall construction on the windward side is also 
subjected to tension at all its connections from the foundation to the roof. These 
connections form a chain, and must be capable of holding on to the roof to avoid the roof 
separating from the wall. 
8 
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t=~~~~~~~~~~~~-
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Fig. 10 - OVERTURNING 
Again referencing figure 1, the building is subjected to horizontal components of wind 
force on all surfaces that tend to slice or shear the building from its foundation. This is 
called sliding, and proper connection between the exterior walls and the foundation can 
provide the strength to resist this behavior as illustrated in figure 11. Note that the roof 
windward pressure and leeward suction have horizontal components that add to the 
horizontal force from on the windward and leeward walls. 
~ 
WIND 
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I 
I 
I 
I 
. I 
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......- ......- ......- ......- .....-
SHEAR TIE TO FOUNDATION 
Fig. 11 - SLIDING 
--~ 
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Lastly, when the entire roof is subjected to uplift from suction there is a tendency to lift 
the building volume straight up from its foundation. This behavior produces tension 
between the roof and the exterior walls. Thus, the connections between the roof and all 
the components which comprise the wall must be strong enough to transfer tension 
between all the wall parts, right down to and including the foundation, as illustrated in 
figure 12. Note that the uplift is actually only the sum of the vertical components of the 
suction that is perpendicular to the roof surface. 
TENSION 
IN 
WALL 
~ 
WIND 
------------------------------------
Fig. 12 - UPLIFT 
TENSION 
IN 
'/WALL 
--~ 
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Chapter 2 - Connection Basics 
Introduction 
Light frame construction has traditionally used nails to connect the skeleton of dimension 
lumber parts for wall, floor and roof planes. The variety of nails, used for a multitude of 
purposes, varies in length, diameter, type of steel, head, finish and shank style. Length and 
diameter are related to pennyweight as shown in Table 1. The larger the pennyweight 
number, the larger the diameter and length of nail. Box and common nails are typically 
used for the construction of the building frame. For a given length of nail, the box nail is a 
slightly smaller diameter. Splitting of the lumber can be avoided by the use of box nails 
over common nails; however, the box nails provide less strength. 
TABLE 1-NAIL AND SPIKE SIZES 
6d 2 0.099 0.113 0.120 
8d 2-1/2 0.113 0.131 0.120 
10d 3 0.128 0.148 0.135 0.192 
12d 3-1/4 0.128 0.148 0.135 0.192 
16d 3-1/2 0.135 0.162 0.148 0.207 
20d 4 0.148 0.192 0.177 0.225 
30d 4-1/2 0.148 0.207 0.177 0.244 
40d 5 0.162 0.225 0.177 0.263 
50d 5-1/2 0.244 0.177 0.283 
60d 6 0.263 0.177 0.283 
70d 7 0.207 
BOd 8 0.207 
90d 9 0.207 
5/16 7 0.312 
3/8 8-1/2 0.375 
Power driven nail guns that drive the nail by the press of the trigger have in many cases 
replaced the typical hammer, which wears out one's arm by the end of the day. These 
nails are assembled in clips or coils with modified heads, called "P" or "T" nails. 
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Not all states permit the use of such guns as they present a potential danger to workmen 
below, if the gun misses its target. The power of the gun must be calibrated to the fastener 
and material that receives the fastener, so as not to over drive the fastener head and dig 
into the wood. This would reduce the material's capacity to resist wind uplift. Staples 
have sometimes been used to replace nails for the installation of wall and roof sheathing. 
Many times the power of staple guns causes the staple to dig into the sheathing, crushing 
the wood fibers and reducing its thickness. If the sheathing gets wet for any period of time 
it will swell and further damage the stapled connection. The swelling issue is particularly 
significant with Oriented Strand Board (OSB) sheathing. OSB is composed of oriented 
layers of wood chips, much like plywood veneer layers. The experience with Hurricane 
Andrew in Florida has caused Dade County to reconsider the use of OSB board and 
staples. Figure 1 illustrates these common nail and staple options. 
NAIL PARTS MODIFIED 
ROUND-HEAD NAILS 
(P-NAILS) 
T-N AILS 
(P-NAILS) 
Fig. 1 - NAIL OPTIONS 
Structural Behavior of Nails 
Lateral Loading of Nails 
STAPLES 
If two pieces of wood are nailed together with one nail and each piece of wood is pulled 
along its length in opposite directions, the nail will slightly rotate. The net behavior is to 
tend to shear the nail. This is called lateral loading of the nail, and simply stated implies 
that the nail is loaded perpendicular to its longitudinal axis. Typical terminology in the 
building codes refers to the wood piece receiving the point of the nail to be called the 
"main member", while the piece through which the nail completely penetrates is referred 
to as the "side member". The use of a metal side member increases the load carrying 
capacity of the nail in lateral loading. This is very significant to the discussion that follows 
later in this chapter. Figure 2 (next page) illustrates lateral loading of nails and the 
assumed and simplified nail shear behavior. 
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WOOD SIDE MEMBER 
MAIN MEMBER 
METAL SIDE MEMBER 
Fig. 2- LATERAL LOADING ON NAIL 
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There are numerous examples of lateral loading in typical framed construction. Figure 3 
illustrates double top plate connections, hanger connections, and floor joist connections, 
which represent a few examples where a nail is loaded perpendicular to its longitudinal 
axis. 
SHEAR ACTION 
Fig. 3 - LATERAL LOADING EXAMPLES 
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Lateral loading of a nail produces the very best structural use of the potential strength of a 
nailed connection. The nail can be laterally loaded in any direction without affecting its 
load carrying capacity, as illustrated in figure 4 below. 
Fig. 4 - CAP AGilY VS. LOAD DIRECTION 
Withdrawal Loading of Nails from Side Grain 
A nail that is loaded parallel to its longitudinal axis is considered to be in withdrawal. The 
length of penetration of the point of the nail into the "main member", along with the 
density of the species of wood used for the main member, determines the nail's 
withdrawal resistance (strength). The orientation of the grain of the main member is also 
of considerable importance. Consider the front view of two dimension lumber floor joists 
as shown in figure 5. (next page). A nominal 2x4 is nailed to the underside of the two 
joists to support a load, maybe plumbing pipes, between the joists. The weight of the 
pipes pushes down on the 2x4 and therefore tries to pull the nails out of the joists. The 
grain of the joists runs perpendicular to the length of the nail and is referred to as side 
grain withdrawal loading, as shown in the side view of figure 5. When the nail was 
hammered into place the wood fibers were squeezed against the shank of the nail, 
developing a mechanical bond between wood side grain fibers and the nail. Connections 
loaded in withdrawal into side grain are less strong than connections loaded laterally, yet 
the building codes do recognize that a certain load carrying capacity exists. This can be 
easily proven by pounding a 16d common nail into the side grain of a 2x8 and then using 
the claw of the hammer to try to extract the nail as shown on the left side of figure 5. The 
resistance of the mechanical bond (friction) can be felt quite strongly. Pounding the nail 
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back into the same hole and pulling it out again will be much easier this time. The 
original bond is substantially reduced and very little friction remains. 
GRAIN 
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GRIP 
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LENGTH OF 
..____,~--,,._P ..... OI ...._NT PENETRATION 
~ 
SIDE MEMBER (2 x 4) 
FRONT VIEW 
MAIN 
MEMBER 
SIDE VIEW 
Fig. 5 - WITHDRAWAL LOADING FROM SIDE GRAIN 
Withdrawal Loading of Nails from End Grain 
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Consider the front view of figure 6 (next page), which initially looks similar to figure 5. 
The vertical members are now 2x4 hanger members attached to floor joists above (and 
not shown in the illustration) that have another 2x4 nailed to the bottom of the hangers. 
A gravity load, similar to that assumed in figure 5, is supported by the horizontal 2x4. 
Thus, again the nails are being pulled in withdrawal out of the two hanger members. This 
time the "main members" are the hangers, and their grain is running parallel to the nail 
length as shown in the side view of figure 6. This is called withdrawal from end grain. The 
mechanical bond (friction ) between nail shank and wood fibers is much weaker and 
little load carrying capacity exists. The mechanical bond is so questionable that building 
codes do not permit structural connections to be in withdrawal from end grain. This can 
again be easily proven by hammering a 16d Common nail into the end grain of a 2x4 and 
extracting it with the claw of the hammer~ Notice how easily the nail is extracted, 
compared to the test performed for withdrawal from side grain. Unfortunately, there are 
many end grain withdrawal type connections present in typical wood frame construction. 
The ramifications of this will be discussed in detail in the next chapters. 
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Fig. 6- WITHDRAWAL LOADING FROM END GRAIN 
Withdrawal Loading from Slant or Toe Nail Connections 
It is not always possible or convenient to place nails perpendicular or parallel to the grain 
of the "main member". The placement of floor joists on top of the foundation wood 
mudsill requires nails to be placed at a slant to connect the two members. The angle and 
position of the slant is dictated by the building codes and is illustrated in figure 7 below. 
The speed of construction rarely permits the care that is required to properly complete 
such a connection. Another typical example of a slant nailed connection is between roof 
rafters or roof trusses to the top plate of the exterior stud walls. Lastly, there are times 
when wall studs are connected to bottom plates by toenailing (slant nailing). All three 
examples are illustrated in figure 7, assuming that the upward arrow shown on all three 
connections indicates that the nails are being pulled from wind suction loading. Note that 
the main member receiving the point has its grain running perpendicular to the nail, thus 
these connections are considered to be m withdrawal from side grain. There is load 
carrying capacity available if these slant or toenail connections are made properly, but 
much less load capacity than if the nail is perpendicular to the grain of the main member. 
DOUBLE 
TOP PLATE 
MAIN MEMBERS 
Fig.7- WITHDRAWAL LOADING FROM SLANT OR TOE NAILING 
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Conclusions 
It is clear that the withdrawal loading of nailed connections should be avoided. The most 
reliable and strong connections occur when the nails are laterally loaded, and this can be 
further improved by the use of metal side plates. 
Conscientious workmanship is essential to the structural success of any nailed 
connection. Too often nails that attach roof or floor sheathing to rafters or floor joists 
below, miss or only nick the edges of the dimension lumber. Thus, these nails do not 
provide any connection of structural value. Overnailing a connection leads to splits in the 
wood, as does slant nailing near the ends of members. Power nail guns have sufficient 
impact capacity to drive nails through 1/2 inch thick steel beam flanges, and it is not 
uncommon to have nails or staples over penetrate and crush the wood fibers, reducing 
their strength. 
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Chapter 3 - Light Frame Construction Basics 
Introduction 
Light frame construction, originating from the 1830's, is still the most versatile 
industrialized system of construction ever devised. Light wood components are uniformly 
spaced to create.wall, floor and roof plane skeletons that are subsequently connected 
together and sheathed to complete the building envelope. 
It consists of pre-cut dimension lumber components that are available in standard cross-
sectional dimensions of thickness x width that typically ranges from 2x4 to 2x12 in 2 inch 
increments of width. These are nominal dimensions that are planed down to actual sizes 
that are somewhat smaller. For example a 2 x 4, typically used as a wall stud, is actually 
1-1/2" x 3-1/2"; while a 2 x 10, typically used as a floor joist or roof rafter, is 1-1/2" x 9-
1 /4". Lengths of these components vary, but today seldom exceed 20 feet without 
special order. Two significant types of light frame construction will be discussed in this 
chapter. 
Balloon Framing 
The first light frame construction type for residential construction was called "Balloon 
Framing" and featured wall studs that ran the full height of a two story dwelling, from 
foundation mud sill to roof, as illustrated in figure 1. (next page). This minimized vertical 
shrinkage of the house; however, the stud length complicated erection and time efficiency 
was lost. It was also characterized by dir:nension lumber firestops between the studs to 
close off the open draft space to other levels. Probably a more significant factor for the 
decline in the use of balloon framing was that the housing boom .after World War II 
depleted the forests supply of. lumber, and replenishing the lumber supply took time. Soon 
the lengths of wall studs necessary for Balloon Framing became unavailable, and another 
approach to light frame construction was required. 
Platform Framing 
The stud length difficulty stated above was overcome by the introduction of 'Platform 
Framing'. This system is very simple in concept, and merely involves stacking floor levels 
atop walls, as illustrated in figure 2. (next page). 
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After installation of the foundation, a floor platform is built from uniformly spaced 
dimension lumber components and sheathed. This first floor platform is used to construct 
the first story wall planes laying flat on the floor, which upon raising and bracing, served 
to support the next repetitively constructed floor platform, as shown in figure 3. 
I PLATFORM FRAMING I 
Fig. 3- STUD WALL CONSTRUCTION 
The second story·walls:are· constructed on the second floor platform. Once raised into 
place and braced, these second story walls support the roof construction. 
It is true that vertical shrinkage of the dwelling is increased by this construction method, 
but this issue does not outweigh the overall advantages of platform construction. These 
advantages include: (1) It fits the tract housing approach employed today by developers, 
where sequencing is essential for economy, (2) It has standardized the construction 
industry to provide economically purchasable pre-fabricated building parts and 
components of set dimensions, modeled after the assembly line process of the auto 
industry, (3) It easily accommodates the architectural styles popular today: large window 
areas, cathedral ceilings, floor elevation changes, open floor plans and any shape 
imaginable, and (4) It has increased the speed of construction and the use of wall studs 
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that are only one story tall, utilizing forest reserves of younger trees with a shorter 
turnaround time. 
Platform framing has become the housing industry's standard nationwide. Shortcuts have 
naturally been designed into the system that are intended to increase productivity, 
contractor profits, and ultimately reduce the cost of the home. However, sometimes these 
"shortcuts" overlook certain building code provisions and end up sacrificing the 
structure's ability to resist medium to high wind loads. 
Fabrication Simplifications 
Simple illustrations of the type of erection techniques that have evolved in an attempt to 
erect stud walls faster and more efficiently at corners and locations where exterior walls 
intersect interior walls are shown in figure 4. These components are pre-made and ready 
for installation when walls are erected. They are usually toenailed to the bottom and top 
chords. 
PLAN- INTERIOR PARTITIONS 
6.1 112 a 2 
PLAN-CORNER DETAIL 
Fig. 4- PRE-CUT & FABRICATED WALL PARTS 
FOR WALL INTERSECTIONS 
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Figure 5 illustrates the use of dimension lumber to pre-fabricate headers fot use over 
windows, doors and garage doors. These elements can be quickly inserted below the top 
plate of the stud wall and be supported by a short stud at the double stud that typically 
bounds any opening. 
ROUGH WINDOW 
OR DOOR OPENING 
HEADER 
HEADER 
Fig. 5 - PRE- FABRICATED WINDOW HEADERS 
High-tech Innovations 
Pre-engineered 'high tech' components, such as parallel strand lumber (PSL), laminated 
veneer lumber (L Vl) beams, oriented strand board (OSB), "I" joists composed of L VL 
flanges and OSB webs, as well as pressed plate dimension lumber trusses are relatively 
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new to the industry (1960 to the present), but are intended to more completely use a log, 
and thus conserve our natural resources. These structural components are proportioned to 
work within the traditional dimension lumber sizes and the platform framing system. They 
provide opportunities for longer spans, greater dimensional stability, and greater strength 
and stiffness than typical dimension lumber; yet the price of these components is greater 
than dimension lumber. Developers and custom builders can take advantage of reduced 
time and labor to install floor joists that extend the full width of the residence and bear on 
a central girder line (creating a two span member), and it may even be possible to 
increase the spacing between these joists. Sloping roof trusses can be placed by crane in 
one piece from end wall to end wall, rather than using site-cut rafters. The economic 
advantages are potentially significant. Several example components commonly used in 
residential construction are depicted in figure 6. 
OSB BOARD VENEER 
rLAYERS 
I JOIST LVL METAL PLATED TRUSS 
Fig. 6- HIGH TECH PRODUCTS 
The typical"!" joist is a very structurally efficient shape that is many times used as a 
substitute for a floor joist or roof rafter. The "LVL" beam is used as a substitute for 
dimension lumber garage door headers, window and door headers and other heavily 
loaded beam applications. The metal plated floor truss is fabricated from typical 
dimension lumber and has toothed plates pressed into the connection locations. This 
makes for a structurally efficient shape that allows ducts and conduits to easily move 
through the open webbing. The "I" joist and the plated floor truss can be fabricated in 40 
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foot long pieces, that are rather I ight, and provide placement efficiency. Only half as 
many parts need to be placed, saving time and labor. 
Conclusions 
Many times the typical residence built with the platform framing system is constructed 
without the aid of an architect or structural engineer. Many cities do not require drawings 
sealed by a I icensed professional for residences. Contractors or developers may have an 
architect on staff, but this is unusual. It is well known that magazines devoted to house 
plans are readily available, and designs are illustrated within their pages; the plans of 
which can be mail ordered. High tech components, such as "I" joists and metal plated 
wood trusses are engineered by the fabricator who makes them, based on assumed or 
provided gravity and wind loads. However, these are only a few components in the total 
building system. Conventional construction is not an engineered solution and was not 
developed around the concept of total building wind resistance, therefore key technical 
details will most likely be missing. 
It is true that by following typical construction practices, even a home designed and built 
without regard for proper engineering, will produce a reasonable wind resistant structure. 
It is unlikely that the home will withstand winds from severe windstorms without 
moderate to severe damage. The advantages of including wind resistant design methods in 
the construction process are to assure that the home can withstand more than the average 
wind conditions without damage. The potential home owner can also hire a structural 
engineer will do the following: 
1. Design the stud walls for gravity (dead and snow) and wind load conditions, and 
assure sufficient stiffness in the walls to avoid excessive deflections, which can pop nails 
and damage dry wall taping. The engineer generally provides all load cases for trusses and 
floor joists designed by the fabricators. 
2. Design all the nailed connections between the components, from roof to 
foundation, for the tension chain produced by overturning and uplift as illustrated in 
Chapter 1, figures 8 and 10. Consider the use of details found in Chapter 5 and include 
them in the wind resistant design. 
3. Design the overall building stability system to resist failure from sliding and racking 
of the entire framework for wind load conditions, as illustrated in Chapter 1, figure 9. 
The design produced by the structural engineer will be unique to your residence, and be 
based on the specific wind loads local to the site. However, the contractor or developer 
can significantly improve the storm resistant capability of any residence, without the 
specific input of a structural engineer, by incorporation of the details found in Chapter 7. 
A structural engineer would be needed to review complicated structures with large 
amounts of glass, use of celerestories and multiple levels. 
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Chapter 4 - Wind Uplift Chain - Problems 
Introduction 
The structural problems associated with platform framing are a direct function of the 
system's evolution over time. Long accepted erection techniques have evolved to reduce 
the time and labor it takes to complete a residence. These techniques and simplifications 
are many times in the name ofsaving money and improving profit, without necessarily 
improving structural strength and stiffness. These comments should be tempered by the 
fact that architectural styles today demand a great deal of the contractor. The creation of 
sunken rooms, cathedral ceiling spaces, two story spaces and extensive glass areas have 
complicated the entire construction process, making the residence more flexible and more 
difficult to create a strong and stiff structural skeleton. The following chapters will address 
the structural problems in depth and incorporate the basic information contained in the 
first three chapters. 
Wind Uplift Chain - Connection Problems 
1. Stud Walls- End Grain Withdrawal. As described and shown in Chapter 3 -figure 
3, 2x4 stud walls are constructed on the floor platforms in the flat position for ease of 
layout. Studs are uniformly spaced against a 2x4 bottom and top plate and nailed through 
each plate into the end grain of the studs as shown in figure 1 below. This approach, 
should the wall experience wind related uplift and therefore tension on the nails, would 
place the nails in withdrawal from end grain. Chapter 2 clearly described this as a 
deficiency in the method of construction. 
lYPICAL STUD WALL 
A B 
Fig. 1 -TYPICAL NAILING PROCEDURE 
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Figure 2 is an exterior stud wall elevation at a location where one-inch insulation board is 
predominantly used as sheathing. This condition typically occurs everywhere except at 
the building corners, where for stiffness, plywood or OSB board is generally used . 
........ CAN iDLE UPLIFT 
___ ./'.._, . 
r OSBOR ~ 
PLYWOOD 
NAILED CONNECTIONS 
UPLIFT RESISTANCE UNRELIABLE 
@CORNER r t t t t t t t t 
\..._----'V"' 
CONNECTION TO 
FOUNDATION CRITICAL 
FOR UPLIFT RESISTANCE 
INSULATION (BLUE OR PINK) BOARD 
NON-STRUCTURAL 
Fig. 2 - TYPICAL STUD WALL WITH SHEATHING APPLIED 
l 1 
The usual "pink" or "blue" board insulation is non-structural, and thus wind uplift 
becomes a very real scenario for about two-thirds of the exterior walls of most residential 
construction. Withdrawal from end grain is not permitted by the Revised 1991 National 
Design Specification for Wood Construction (NOS). The three major building codes used 
in the United States: The Building Officials & Code Administrators 1993 BOCA National 
Building Code (BOCA), the 1994 Uniform Building Code (UBC), and the 1995 Standard 
Building Code (SBC) all reference the provisions of the NOS. Withdrawal loading from 
Chapter 4 Wind Uplift Chain - Problems 29 
end grain is a basic nailing inadequacy found throughout the residential construction 
industry, because of the time saving way stud wall skeletons are constructed nationwide 
(refer back to figure 1 ). These two plate locations are the weakest links in the wind uplift 
chain for exterior walls of platform framing. Figure 3 illustrates the wind uplift chain 
where the exterior sheathing is non-structural. The failure at these two stud wall plate 
locations has been seen regularly wherever windstorm damage has occurred. 
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Fig. 3 - PLATFORM FRAMING SUCTION CHAIN 
30 Wind Uplift Chain - Problems Chapter 4 
Under a wind suction condition there is potential uplift on both roof slopes. If this uplift is 
of sufficient magnitude to overcome the roof construction dead load of the rafters or 
trusses and finish materials,, net uplift will extend to every component in the exterior stud 
wall down to the foundation anchor bolts. All the nails in the chain will be affected and 
they are either in withdrawal from end grain or withdrawal from side grain. The weakest 
links are the locations at the top and bottom plates of the stud wall, where nails are in 
withdrawal from end grain. This is where failure will occur first, and the failure is 
graphically depicted in figure 4. 
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MODES IN WIND 
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Fig. 4- WITHDRAWAL LOADING FROM END GRAIN 
2. Nails in withdrawal from side grain. It is difficult to comprehend just how 
many nails are used in light frame construction. Figure 5 (next page) only illustrates the 
typical nailed connections at one exterior wall stud in elevation and side view, based on 
building code requirements for nail size, number and style of nail to be used for each type 
of connection. Note how many of these nails would be in withdrawal from end and side 
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grain under wind uplift at non-structural sheathing locations. Connections where nails are 
being pulled in withdrawal from side grain locations are marked with a circled "X". 
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~~~E 
1
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MUD SILL 
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ROOF TRUSS 
ANCHOR 
BOLT 
Fig. 5 - TYPICAL NAILING FOR PLATFORM FRAMING 
The resistance of nails in withdrawal from side grain is based on mechanical bond 
between wood fibers and nail shank in the main member, as described in Chapter 2. This 
is not a typical failure location since the "allowable " capacity of such a loading is fairly 
substantial, compared to withdrawal from end grain or from slant or toenail connections. 
However, workmanship is a major influence on the capacity of any nailed connection. 
Take for example the connection "X" between the stud wall and the band board extracted 
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from figure 5 and clarified in figure 6 below. Should the carpenter miss the band board 
and the floor joist, the naii"X1 "will only penetrate the plywood or OSB board floor 
sheathing, little withdrawal capacity will exist; in fact it will amount to near zero capacity. 
This is not unusual, and the point of these nails can easily be viewed from the basement 
or crawl space. The "X1" nail is shown in the section and the elevation views, and the 
nails into the stud are shown dotted to indicate that they are in the background of the 
section view. The nails marked "X" are correctly placed nails. 
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MUD SILL 
CONC.BLK.FDTN 
BOTTOM 
ANCHOR 
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Fig. 6- NAILING MISSING BAND BOARD & JOISTS 
Each building code has a schedule of recommended nailing for each of the connections 
that comprise platform framing in an effort to standardize and provide uniformity to 
residential construction for the contractor, architect, engineer and the building inspector. 
Herein lies a contradiction. The codes are permitting end grain nailing for stud wall 
construction, yet in the text of the code it specifically states that withdrawal loading of 
nails from end grain is prohibited. It is this kind of contradiction that perpetuates a 
practice that has resulted in considerable wind uplift damage and cost owners and 
insurance companies millions of dollars. As an example, the following Table 2 is an 
extraction from Appendix C found in the BOCA Building Code. 
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TABLE 2. RECOMMENDED FASTENING SCHEDULE 
(Taken from the 1993 BOCA Building Code -Chapter 23) 
ceiling joists) 
33 
The engineering equations to determine the nail withdrawal "allowable"load capacities 
has been calculated for each connection in the wind uplift chain according to the 1991 
Edition of the National Design Specification for Wood Construction (NOS). The definition 
of "allowable" is the compliance with the NOS equations, which have a built-in factor of 
safety between 3 and 4. Thus, there should be reserve strength beyond the "allowable" 
value by approximately 3 to 4 times, before the connection's "ultimate" capacity is 
reached. Failure should occur if the applied wind uplift load approaches this ultimate 
value. This factor of safety is to account for variations in the density of the wood species 
used, closeness of the nail to the edge or end of a member, workmanship in the use and 
placement of nails, moisture content of the wood at the time the connection is made, 
assumed service life moisture content, and defects in the lumber. It is unwise to assume 
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that the connections actually have such a large factor of safety, as failure may occur if 
only twice the "allowable" value is reached. It is best to think in terms of meeting the 
"allowable" capacities and not merely consider that the connections are in conformance 
with the requirements of the NOS. A graphic illustration of the location of each 
connection found in Table 2 is easier to locate in figure 7. 
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A capsule summary of the calculated withdrawal "allowable" capacities are shown in 
figure 8 to illustrate how small the wind load resistances really are. The author used the 
1991 NOS equations to derive the capacities. 
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3. Slant and toenail splits. It has already been emphasized that the proper installation 
of a slant or toenail connection requires considerable care. Even if these connections are 
properly done they are very prone to splitting above the nails. This results in no real 
connection and no measurable uplift resistance. Thus a star is shown on figure 8 at the 
connection between the rafter (or truss) to the double top plate, even though a capacity of 
103.9 lbs./rafter is shown for an "allowable" withdrawal capacity, due to the likelihood of 
splitting. This star indicates another potential failure location in the wind uplift chain. 
Notice that no overhang is shown in figure 8, while an overhang is shown in figure 4. 
Splitting is less likely when an overhang exists. The splitting is almost inevitable when the 
slant nail is near the end of the rafter or truss. This splitting tendency is also prevalent at 
second floor joist connections to the double top plates and at the connection of first floor 
joists to the mudsill. The toenail connection between stud and bottom plate is less 
common than nailing from the bottom of the plate into the end grain of the stud. The toe 
nail from stud to bottom plate is less likely to split when the nail runs parallel to the grain 
of the stud; however, it is still a potential problem. All three conditions are illustrated in 
figure 9 with an enlargement of the split in figure 10. (next page). These connections are 
located in figure 5 with an "A". 
Fig. 9- SPLITTING FROM SLANT OR TOENAILING 
Splits occur in two out of every three roof rafters or roof trusses that do not have 
overhangs. This explains why entire roof planes have been lifted off of a residence in one 
whole piece. The entire roof becomes a giant missile that can hit an adjacent residence, 
injuring life and property. 
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Fig. 10 - ENLARGEMENT A 
4. Pre-cut wall studs. Pre-1995 building codes required a floor to ceiling height of 8'-
0", which is still comm.on today. To facilitate ease of construction, wall studs are pre-cut 
to 92-5/8 inches long. Adding 3" for the double top plate and 1-1/2" for the bottom plate 
makes the wall 8' -1-1 /8" tall. Subtracting 5/8" for the cei I i ng drywall and 1/2" for 
carpeting or any other floor finish material, leaves the required floor to ceiling height of 
8' -0". Figure 5 illustrates these dimensions. Although pre-cut studs are the key to 
producing an 8'0" clear interior space, there is a conflict between the total stud wall 
height and the use of pre-cut 4' -0" x 8' -0" exterior structural wall sheathing of plywood or 
OSB board. It should be possible to nail the exterior sheathing to the studs and top and 
bottom plates, to avoid the wind uplift chain from being broken. Figure 11 (next page) 
illustrates the possible ways to place the exterior sheathing in an attempt to connect the 
bottom plate and double top plate with the stud. Placing the sheathing flush with the top 
of the wall ~eavef a 1-1/8" gap at the bottom plate. Slanting the nails may connect to the 
plate, but it likely will split the plate or miss it altogether. Reversing the process and 
placing the sheathing flush with the bottom plate produces the same 1-1 /8" gap at the top 
plate. The top plate may not receive nails and fail to tie the entire wall together. Dividing 
the gap equally at the top and bottom, produces a gap of 9/16", leaving 15/16" overlap 
between sheathing and plates for slant nailing. This provides a better chance of making a 
connection between all the wall parts, but the care required to balance the gap is unlikely 
to happen. This is why a question mark has been placed on figure 2, where the plywood 
or OSB board is located. Thus, the exterior sheathing is rarely used to counter the wind 
uplift chain, and it would be too expensive to try. The use of exterior plywood or OSB 
board sheathing is best used for another wind resistance purpose, which will be discussed 
later in this Chapter. 
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5. Foundation Anchorage. When all the connections of the wind uplift chain are 
capable of transferring the uplift force from the roof down to the dimension lumber mud 
sill, the anchor bolts and foundation must complete the uplift resistance chain. The 
anchor bolts are intended to tie the wood superstructure to the masonry or concrete 
foundation wall and concrete footing. Sufficient dead load, the gravity weight of the 
foundation, must be larger than the uplift force to keep the residence from direct uplift 
and overturning, as illustrated in Chapter 1, figures 10 and 12. 
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General Discussion 
The standard residential anchor bolts that can be purchased at any hardware store are 1/2 
inch in diameter and either 6 or 8 inches long. This length includes approximately 2 
inches of threading at one end and an additional hook length of 2 inches, as shown in 
figure 12. 
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Another common length is the 12-inch anchor bolt; however, it is normally used for 
commercial buildings. These anchor bolts must pass through the drilled holes in the 1-1/2 
inch thick wood mudsill and extend beyond that for a 1/8-inch thick washer and 1/2 inch 
deep nut. This reduces the actual extension of the anchor bolt into the concrete or 
masonry foundation wall to 5-5/8 inches. The cores of the concrete masonry unit (CMU) 
containing the anchor bolts are usually the only cores grouted. A screen or plug is used to 
stop the grout from dropping into the cores of the CMU courses lower in the wall. The 
minimum acceptable CABO Code anchor bolt extension into masonry is 15 inches, thus 
requiring an 18-inch length. 
A residence with a full basement typically utilizes 8 inch nominal (7-5/8" actual) concrete 
block units (CMU). The garage typically utilizes 8 inch CMU's from the footing to one 
course from the top of foundation, where a 4-inch CMU course is placed. This allows the 
concrete slab-on-grade of the garage to rest on the top 8 inch CMU course. Thus, the 
anchor bolts must now fit in the 2-1/8 inch wide core space and still provide room for the 
grout. Sufficient anchor bolt cover is not available for bond, which violates the American 
Concrete Code (ACI). 
The mud sill, or any other lumber which is in contact with concrete or masonry, is 
required to be pressure treated (wolmanized) lumber to prevent moisture from being 
absorbed by capillary action into the wood, to avoid decay (rotting) of the mud sill. Most 
older homes and apartments have been built without a pressure treated mudsill, where 
rotting has occurred, followed by crushing of the mudsill under the weight of the 
superstructure. The floor planes settle downward around the home's perimeter, while 
remaining at their proper elevation at the central interior girder line. Suddenly the floors 
are uneven and furniture placed near the exterior walls is no longer level. 
The ability to engage a sufficient portion of the foundation wall's weight, is a function of 
both the length of anchor bolt and the amount of core grouting that is done. Obviously, 
the least expensive scenario is to use a standard anchor bolt length of 8 inches and only 
grout the core of the CMU that receives the anchor bolt. Consider the examples shown in 
figure 13. (Next page). Example "A" uses the absolute minimum scenario described 
above, and only the weight of one CMU can be relied on for resistance to uplift. This 
amounts to only 56 pounds for an 8 " CMU and 28 pounds for a 4" CMU. Example "B" 
uses a 12 or 14-inch long anchor bolt, which extends through two block courses. Now 
three 8 inch CMU's are engaged against uplift, resulting in 140 pounds of resistance, if 
only the cores containing the anchor bolt are grouted. Example "C" indicates that if the 
entire foundation wall is fully grouted that for the same 12-inch long anchor bolt, three 
CMU's are still engaged, but the resistance to uplift is now 228 pounds. Lastly, example 
"0" uses a 24-inch long anchor bolt that extends through three block courses and now 
engages 6 CMU. If only the cores containing the anchor bolt are grouted the capacity 
jumps to 258 pounds. Should the wall be fully grouted, the resistance becomes 458 
pounds. It is thus evident that longer anchor bolts are essential for windstorm uplift 
resistance and that all CMU cores should be fully grouted. 
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Garage Walls/Foundation 
It has already been pointed out that garage doors and their tracks are quite weak, and 
easily damaged or collapsed during a windstorm. Figures 7 and 8 in Chapter 1 illustrate 
, the violent wind pattern that occurs as pressure on the inside three surfaces is combined 
with the suction on the outside of the same three surfaces of the garage. Generally, the 
garage stud walls are totally sheathed in plywood or OSB board for added strength. Yet, it 
is not uncommon for garages to be lifted, rotated and slid off their foundation during a 
windstorm. Why does this occur? Figure 14 illustrates three typical details for the exterior 
walls of a garage. 
~ 
u 
' \ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
UPLIFT ---"\ 
\ 
FAILURE \ \ 
IF NO \ 
NUT PRESENT \ 
~ 
I 
~ 
u 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
UPLIFT---'~\ 
FAILURE \ \ \, 
~ 
CAST-IN-PLACE 
CONCRETE TRENCH FOOTING 
PLUS SLAB-ON-GRADE 
~ 
u 
\\ ~ \\ \\ 
\ \ I \ \ \ \ \ \ \ \\ 
\ 
\ 
\ 
\ 
\\ 
\ 
\ 
\ 
UPLIFT~\ 
FAILURE 
MASONRY 
NAILS 
Fig. 14 - SHALLOW GARAGE FOUNDATIONS 
The first detail occurs when the entire concrete slab-on-grade and perimeter trench 
footing are poured all at once. Geographic locations where frost depths are shallow 
benefit from this detail. The 1995 Council of American Building Officials (CABO) Code 
requires that the anchor bolt extend a minimum of 7 inches into the concrete. Utilizing 
thetypical 8-inch long anchor bolt, will only provide 5-5/8 inches as mentioned above, 
and therefore does not comply with this prescriptive code. There are also occasions when 
no nuts have been screwed onto the anchor bolts, resulting in no connection to the 
foundation. Unfortunately, this occurs more often than one would care to believe. 
Placement of the anchor bolts in wet concrete does not assure that they are plumb or 
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regularly spaced. Typically a wood plate is laid on top of the anchor bolts and hammered 
to indent the plate with the locations of the anchor bolts for drilling purposes. This 
approach is time consuming, and many alternate details and various connectors have 
been devised to overcome this tedious alignment task. 
The second detail replaces the anchor bolts with a series of masonry nails power driven 
into the concrete with a gun. This speeds up the mud sill installation (in this case the stud 
wall bottom plate). The pullout potential of this connection is unreliable, especially if it 
locally cracks the concrete. 
The third detail resembles the first, except that the mudsill is no longer the bottom plate of 
the stud wall. Alignment of the studs at 16 inches on center can sometimes conflict with 
the projection of the anchor bolt and the nut. To avoid this condition, a separate mudsill 
is placed with recessed washer and nut, so that the stud wall can be pre-made as usual 
and erected on this mudsill. The problem here is that the mud sill's strength to transfer 
uplift to the anchor bolt is now limited by shear of the mud sill, which is now only about 
3/4 inches thick instead of the full 1-1/2 inches. Its capacity is cut in half and failure will 
occur as shown, regardless of the proper nailing of the plywood to the mudsill. 
Figure 15 illustrates a detail typically found in geographic locations where a deep frost 
depth exists, such as the northern Midwestern states. 
A. SLIDING 
FAILURE 
MODE -t B. UPLIFT, 
OVERTURNING 
FAILURE 
MODE 
Fig. 15 - DEEP GARAGE FOUNDATION - CMU'S 
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A concrete footing is poured, followed by the placing of several 8-inch CMU courses. The 
top course switches to a 4 inch CMU, so that the slab-on-grade can bear on the ledge 
created by the last 8 inch CMU course. The 8-inch long anchor bolts are set in the narrow 
cores of the 4-inch block course with insufficient space to develop adequate bond 
between the grout and the smooth perimeter of the bolts. This is a structurally deficient 
detail, based on storm damage to garages as described above. Failure can occur due to 
uplift, overturning and sliding as illustrated in figure 15. First of all the anchor bolt 
minimum length prescribed by the CABO Code is 15 inches, which would at least engage 
the top 8 inch CMU course and the weight of the concrete slab-on-grade. 
Figure 16 is a typical elevation of a portion of a garage stud wall near the foundation. The 
studs are spaced 16 inches on center and it is properly sheathed with plywood or OSB 
board nailed to all studs and wood plates. The typical 8 inch long anchor bolts are spaced 
6' -0" on center as prescribed by the CABO Code. The muds ill and the bottom plate of the 
stud wall are one in the same for this discussion. The CMU detail of figure 15 is a 
representative wall section, although this discussion would apply to the concrete details 
of figure 14 as well. Assume that each stud is subjected to a wind uplift of magnitude "P". 
Given the stiffness of the structural sheathing, each anchor bolt will need to resist five 
times "P". This is rarely possible without using longer anchor bolts, so as to engage more 
block courses and therefore engage more CMU and grout weight. This concept was 
shown in figure 13. 
6'-0" o.c. 
• • 5P 5P 
Fig. 16 -TYPICAL WIND UPLIFT@ EXTERIOR 
GARAGE WALL - ELEVATION 
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Exterior Loadbearing Walls/Foundation 
Attention can now be directed to a discussion of the wind uplift chain, as it applies to the 
connection between superstructure exterior loadbearing wall and the foundation. A 
loadbearing wall is one that has the floors and roof framing bearing on the stud walls. 
Figure 17 illustrates a typical exterior loadbearing wall section for a two story residence at 
a location near the corners where plywood or OSB board is often used to add stiffness to 
the walls (ref: figure 2). 
-- PLYWOOD MUST TRANSFER 
f WIND UPLIFT FORCE 
PL100D~~I'1 
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INSULATION BANDBOARD 
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SLANT NAILING PL100D 
LW------~ 
• PLYWOOD MUST I ...._ TRANSFER WIND UPLIFT • FORCE LATERAL LOAD ON NAIL 
-+-+---- 1YPICAL STUD PL~f~~~~~ 
INSULATION 1YPICAL 
BOARD ~t--- FLOOR l :::;;=~:,.....,-------~~----\ JOIST 
SLANT 
NAILING 
SECTION @ A JOIST 
BE1WEEN ANCHOR BOLTS 
Fig. 17- LOADBEARING EXTERIOR WALL 
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Note that non-structural insulation board is placed over the band board locations at the 
first and second floor levels. This typical approach is to avoid cutting plywood and having 
left over material. Figure 11 illustrated the limitations when a full sheet of plywood 
attempts to cover a fu II height wall. The complete usage of sheets of plywood or OSB 
board is important to contractors, where profit is concerned. This cost cutting measure 
accounts for the use of insulation board as shown in figure 17. 
Subjected to wind uplift, the second floor detail fails at the stud wall nails in withdrawal 
from side grain, either correctly located at "X" or incorrectly located at "X1" as shown in 
figure 18 (ref: figure 6). Thus, the wind uplift chain is already broken at the second floor, 
even with plywood sheathing over both stud walls. 
2ND FLOOR 
INSULATION 
BOARL 
I 
PLYWOOD { 
Fig. 18- SECOND FLOOR WALL FAILURE 
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Assume that plywood is used over the band board at the second floor in accordance with 
Chapter 7 recommendations. Now the wind uplift chain can continue down the wall to 
the first floor, where it will fail similar to the second floor, since insulation still covers the 
first floor band board. This is shown in figure 19A. 
r 
INSULATION llil!lo++-
BOAR]l__ ~~~~--~~--~~~------~ 
A. 
Fig. 19A - 1ST FLOOR FAILURE MODES 
The one difference is that the second floor dead load will reduce the net uplift magnitude. 
Now consider that the plywood is detailed to be continuous (see Chapter 7) from roof to 
mud sill. Failure mode figure 198 occurs when the plywood has been neglected to be 
nailed to the mudsill, and the failure occurs where the slant nails have already split the 
ends of the floor joists. It should be noted that the first floor dead load and the second 
floor dead load help to reduce the net uplift force. 
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Fig. 19B - 1ST FLOOR FAILURE MODES 
Next, assume that the plywood is nailed to the mudsill, but the anchor bolt nuts and 
washers have been set in a notch within the mudsill. Failure will now occur by shearing 
the reduced depth of the wood mudsill as illustrated in figure 19C. (Next page). The wind 
uplift chain has yet to reach the foundation, where the wall weight can resist the uplift. 
Chapter 4 Wind Uplift Chain- Problems 
SHEAR OF MUDSILL 
@ ANCHOR BOLT 
c. 
49 
Fig. 19C - 1ST FLOOR FAILURE M@DES 
Consider failure mode 190 (next page), where .the wood connections have all been 
properly done and the plywood is detailed to act continuous from roof to the muds ill. It is 
at this point that the anchor bolt becomes engaged along with its grouted connection to 
the concrete block wall. If the anchor bolt were the typical 8 inches long, it will only 
engage one 8-inch CMU course. Thus, the next weak lin~ is at the mortar bed joint 
between the first two block courses. Mortar is weak in tension, as is the grout; thus failure 
occurs as shown in figure 190. 
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D. 
~SCREEN 
x-x 
Fig. 19D - 1ST FLOOR FAILURE MODES 
Were the anchor bolts longer and the entire block cores grouted solid, the wind uplift 
chain would be complete and uplift and overturning resiste~. This would minimize 
damage to the residence. Chapter 7 will point out that the entire home need not be 
covered with plywood, since metal connectors can less expensively act as a substitute to 
provide wall continuity down to the anchor bolts. 
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House Exterior Non-loadbearing End Walls/Foundation 
The exterior stud walls that run parallel to the floor and roof framing are referred to as 
non-loadbearing, since the second and first floor loads do not bear on the stud walls. This 
condition leads to walls. that are more vulnerable to the wind uplift chain, since the 
weight of the building cannot be used to help hold the walls in place. 
Consider the foundation/wall detail in figure 20, which again uses insulation over the 
bandboard at both floors. The second floor stud wall failure mode is the same as that 
shown in figure 18. However, there are different failure modes at the first floor. 
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Fig. 20 - NON-LQADBEARING EXTERIOR WALL 
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Figure 21 A shows the failure mode when insulation is used at the first floor bandboard, 
while plywood is continuous from there to the roof. The wind uplift chain breaks at the 
weakest nailed connection, which is most likely the slant nails into the mudsill if naii"X" 
penetrates correctly into the bandboard. Thus, failure occurs between bandboard and 
mudsill. 
Fig. 21A - N"ON-LOADBEARING EXTERIOR WALL 
This will bend the plywood subfloor and twist the next floor joist. Should the stud bottom 
plate be nailed into the subfloor only, as naii"X1" shows the stud wall would be pulled 
out of the plywood, leaving the first floor in tact. Consider that plywood or OSB board run 
continuous from mudsill to the roof. Also, consider that the plywood is properly nailed to 
the mudsill. It is common practice to use lesser quality lumber for mudsills and for the top 
and bottom plates of stud walls, while using better grade lumber for the studs, floor joists 
and rafters. Again, this is done for economy. Wood is very weak in shear, especially if its 
cross-section is notched. 
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Figure 21 B illustrates the next weak link in the wind uplift chain; shear of the muds ill. 
This failure mode also bends the plywood and twists the next floor joist. The mudsill is 
being bent about its grain direction, which is fairly weak. 
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PLYWOOD 
INSULATION 
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Fig. 21B - NON-LOADBEARING EXTERIOR WALL 
Lastly, should the mudsill not be notched and have sufficient shear capacity, the next 
weak link in the wind uplift chain occurs at the CMU course containing the anchor bolt. If 
the anchor bolt is 8 inches long it will only engage one block course and failure will 
occur in the mortar bed joint below the anchor bolt, as shown in figure 21 C. (Next page). 
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It should be noted that no matter where the weak link is located, very little dead load is 
available to offset the uplift force since the wall is non-loadbearing over its entire height. 
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Fig. 21C - NON-LOADBEARING EXTERIOR WALL 
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The typical wind uplift load carried by an anchor bolt in a loadbearing wall is shown in 
the exterior loadbearing wall elevation of figure 22. 
STUD 
WALL 
FLOOR 
CONSTRUCTION 
MUD SILL 
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p 
* 
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* 
Fig. 22 - 1YPICAL WIND UPLIFT@ 
LOADBEARING WALL - ELEVATION 
The studs are spaced 16 inches on center and it is properly sheathed with plywood or 
OSB board nailed to all studs and wood plates, including the mudsill. The typical 8 inch 
long anchor bolts are spaced 6' -0" on center as prescribed by the CABO Code. The 
mudsill bears the load of the floor joists, also spaced at 16 inches on center for this 
discussion. The CMU detail of figure 17 is a representative wall section, although this 
discussion would apply to a poured concrete wall as well. Assume that each stud is 
subjected to a wind uplift of magnitude "P". Given the stiffness of the structural sheathing, 
each anchor bolt will need to resist five times "P" and engage at least that amount of 
foundation dead load. This is sometimes possible given the addition of the dead load of 
the floor framing and roof framing, which reduces the net uplift force. The anchor bolt is 
far less capable of resisting the uplift for a non-loadbearing wall. The use of longer anchor 
bolts, so as to engage more block courses and therefore engage more CMU and grout 
weight is beneficial in high wind regions. This concept was shown in figure 13. 
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Anchor Bolt spacing Comments 
Several times in the last section of this chapter the CABO Code has been referenced, and 
several violations of this code, regarding length of anchor bolt, were pointed out to occur 
regularly in residential construction today. It is a prescriptive code preferred by 
contractors because it specifically defines every aspect of residential construction, 
whereas the BOCA, U BC and SBC codes are performance based, without saying more 
than an element or connection shall be sufficient to handle all loads imposed upon it. 
Thus, it leaves it to the contractor, engineer or architect to establish sizes, spacing, grades 
of materials, and details. It should be mentioned that the SBC Standard for Hurricane 
Resistant Construction, 1997 ed. has some prescriptive requirements as well. 
One issue worthy of discussion from the CABO Code concerns the 6' -0" spacing that is 
permitted for anchor bolts. It is unclear where this value came from, or whether it is just 
another rule of thumb that has become an accepted standard over time. Set aside the 
discussion of wind loads for a moment, and consider horizontal earth pressure from the 
fill used around a house. The typical fill used is the soil excavated for the basement of the 
house. This may be fine silt with a high percent of clay, which does not drain very well 
and retains water, and also pushes against the basement walls. Another option is to bring 
in a well drained, granular fill, which allows water to easily move through it. This type of 
fi II pushes with much less force on the basement walls. Obviously the later option is the 
best; however, it is a more costly solution. Thus, the economics of a residence control. 
From a structural point of view, the top of the foundation wall requires a restraint to resist 
the push of the soil. That push is greater if it is silt and clay, rather than pea gravel. The 
resistance to the basement wall collapsing inward comes from the first floor framing as a 
very stiff plane. The anchor bolts and mudsill are the intermediate items that are 
depended on to transfer the horizontal soil pressure to the floor plane. The following 
Table 3 makes it very clear that anchor bolt spacing for a full basement can vary from 6 
inches on center to 12' -0" on center, depending on the depth and type of backfill, plus 
the size of the dimension lumber mud sill. Thus, earth horizontal pressures dictate anchor 
bolt spacing for one condition, and winds dictate anchor bolt spacing for another 
condition. The smaller spacing will control the design and should be used. As a guide for 
soil considerations of anchor bolt spacing, Table 3 (next page) is very helpful. This topic 
wi II be compared with anchor bolt spacing recommendations for wind in Chapter 7. 
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I TABLE 31 
ANCHOR BOLT SPACING 
8' 
7' 
6' 
5' 
4' 
FLOOR 
AS . . -
-----DIAPHRAG1J ______ _ 
SECTION 
GRADE 
~~/lt2_ __ _ 
AS 
RESTRAINT BEAM MODEL 
ASSUMPTIONS: 1. LENGTH OF WALUHEIGHT <!!: 2 
:. ONE WAY ACTION 
266.7PLF 
178.6 
112.5 
65.1 
33.3 
2. VERTICAL BEAM MODEL 
:3. BACKFILL TYPES: 
40f'CI' 
WELL DRAINED 
GRANULAR SOIL 
AVG.TOHIGH 
PERMEABILITY 
HIGH % CLAY, FINE SILT, 
LOW PERMEABILITY 
4. LUMBER ALLOWABLE SHEAR = 951'51 
285.8 
180 
104 
53.3 
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Conclusions 
This Chapter has attempted to reveal all the possible details that have the potential for 
failure as part of the wind uplift chain. That uplift chain occurs from either direct wind 
uplift on the roof surfaces or from overturning as illustrated in Chapter 1. There are 
inherent problems with the fundamental nature of platform framing that makes it difficult 
to insure the adequacy of the connections and prevent the devastating consequences of a 
weak link in the uplift chain. It usually is not the failure of a member that initiates the 
damage to a residence in heavy wind, it is the failure of one or more of its nailed 
connections. This said, the importance of proper wind resistant design and construction 
cannot be questioned. 
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Chapter 5 - Stability of the Total Residence -
Problems 
Introduction 
So far the wind resistance problems with platform framing have concentrated on the 
vertical wind load issues that produce uplift and influence the· tension chain on exterior 
wall components and nailed connections. The Overturning and Uplift of the residence 
during a windstorm are recalled in figures 1 0 and 12 respectively of Chapter 1. 
Now it is necessary to consider the horizontal wind loct.d issues associated with Sliding 
and Overturning, that influence the overall stability of the entire building volume. 
Stability is defined as the ability of the residence to resist dramatic changes in its 
geometry, which ultimately results in sideways collapse. This can be visualized simply as 
a house made of cards that will collapse when touched horizontally with a finger. Figure 
1 diagrams the progressive collapse as horizontal wind pressures and suction try to push 
over the platform framed shell. 
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WIND FORCES 
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Stability of the Building as a Total 
Single Story Residence 
Consider the platform framing skeleton of one wall of a one story residence before the 
corner structural plywood or OSB board sheathing has been applied, as shown in figure 2. 
CONTINUED MOVEMENT TOWARD COLLAPSE 
...,_:..:.=.:..:..:....:.=......,._ ____________ ._ _________ .,. 
--------------------------------------------------L--- ------....---1'-~-----"'P-----......------1 L--------~~-+~--1---~---.--~----~~ 
Fig. 2- INSTABILITY OF A SKELETON STUD WALL 
WITHOUT STRUCTURAL SHEATHING 
The instability of the wall, subjected to a horizontal force in the plane of the wall at the 
upper left corner, will be similar to that of the previous figure 1. Due to the horizontal 
force, the double top plate will move to the right, twisting and bending the nails in the 
end grain of the studs at the top and bottom plates. In essence the nails become points of 
rotation and the top of the wall will continue to move until collapse occurs. 
It should be noted that the windward pressure arrow and the leeward suction arrow 
represent the wind force build-up from across the entire perpendicular wall, and are now 
shown concentrated at the top of the wall. This shift in the position of the wind force 
sounds confusing, but can be explained by means of figure 3. (Next Page). 
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Fig. 3 - MAIN WIND FORCE RESISTING SYSTEM 
Consider the perspective of a rectangular one-story residential platform framed skeleton 
with the roof removed to facilitate the discussion. Start with the individual wall stud "B" 
that has been brought forward from the wall to isolate it and be able to discuss it in more 
detai I. It represents one of many studs across the elevation of length "L". Assume the 
entire front elevation is sheathed and that the studs are spaced 16 inches on center. Stud 
"B" must withstand the windward pressure of half the distance to the stud on either side of 
it, thus a 16 inc.h 'tributary width' of wind over its entire length. The ends of the stud are 
restrained by nailed connections to the first floor and the roof, which are referred to as the 
reactions "R". These reactions are in units of pounds per 16 inches along the wall length 
"L". Therefore, each stud produces a reaction at the top of the wall, which as all the studs 
are considered along the wall, is referred to as a uniform load that pushes against the edge 
of the roof. It is now seen that a typical stud and its nailed connections must not only 
resist tension as part of the uplift chain, but also bending due to the horizontal wind 
pressure along its length. The nailed connections at the reaction points at the top and 
bottom of the stud are now laterally loaded. Maybe a simpler way to look at the wind 
load distribution is to notice that the roof plane must resist the wind pressure over one 
half the height of the wall. This is illustrated by the dotted lines at "h/2" and considered as 
the 'tributary width' of wind that must be transferred to the roof plane. If the roof plane is 
modeled as a horizontal beam, the perpendicular end walls will receive half the uniform 
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wind load carried by the roof plane, which become the new reaction points. That 
explains how the wind pressure on one wall surface ends up a concentrated load at the 
top of the end walls. Thus, the end walls require more stiffness, or else they will deform as 
figure 1 and 2 illustrate- producing instability and collapsing the residence. 
The typical approach in platform framing is to sheath the corners of each elevation with 
plywood or OSB board - considered as vertical diaphragms or more commonly referred to 
as "shear walls". Shear walls are the primary method of controlling vertical stability and 
preventing collapse under combined horizontal wind pressures and suctions. The 
discussion of figure 3 only referenced the windward elevation; however, the leeward 
elevation also produces concentrated suction forces at the top of the end walls in exactly 
the same manner. 
Note that the lower half of the windward and leeward walls constitutes a 'tributary width' 
of wind that goes directly to the first floor plane, which in essence is the bottom reaction 
of each stud, creating another uniform load along the length "L". The first floor acting as a 
very deep horizontal beam sends half that uniform load to each end wall in the form of a 
concentrated load, just as at the top of the wall. 
Figure 4 (next page) represents one of the two end walls of the building shown in figure 3 
without any structural sheathing. Dark dashed lines show the three modes of potential 
failure due to the concentrated wind pressure and suction at the top of the stud walls. The 
direct horizontal push against the double top plate will produce instability that results in 
the dark dashed parallelogram graphically simplified from the illustration of figure 2. 
Once shear wall sheathing is attached, the horizontal concentrated pressure and suction 
forces at the top of the wall tend to overturn the shear wall as illustrated by the dark 
dashed rectangle rotating about the compression side pivot point (lower right corner). This 
is another instability issue that will produce failure unless the tension side is tied to the 
foundation. Note that if the shear wall also functions as a loadbearing wall, carrying floor 
and roof dead load, it can minimize the tension uplift that is developed. The last failure 
mechanism is sliding, due to the horizontal forces at the top and bottom of the wall at the 
windward and leeward side. The double arrows shown at the bottom of the wall are 
intended to show that the concentrated wind force at the top of the wall must be added to 
the concentrated wind force at the bottom of the wall to determine the total pressure and 
suction force that produces sliding of the shear wall. The one-sided arrowheads along the 
length of the wall, again top and bottom of the wall, indicate that the double arrow heads 
can be resisted by uniformly spaced connectors. Anchor bolts are used to avoid sliding 
instability at the foundation, while nailed connections structurally attach the roof plane to 
the double top plate. It should be understood that the roof plane is the means of transfer 
of wind to the concentrated end points, and this is accomplished by continuous shear 
connection between wall plane and roof plane. A single sided arrow graphically illustrates 
this shear resistance. 
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Refer to figure 11 in Chapter 4, where a full 4' x 8' sheet of structural sheathing did not 
completely cover the stud wall skeleton from top to bottom. The sheathing plane will not 
perform as a true shear wall without fully engaging the bottom plate and top double plate. 
To build shear walls as shown in figure 11 without completely sheathing the rectangle has 
the potential for failure in a heavy windstorm. A correct approach to a one-story shear 
wall is illustrated in figure 5. 
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Fig. 5 - SHEAR WALL - VERTICAL DIAPHRAGM 
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Note that it is necessary to cut a sheet of plywood to provide the full wall coverage from 
the bottom of the bottom plate to the top of the double top plate. Again the typical 
construction approach is to leave the edges of the plywood between the studs free as 
shown at the top of the illustration. This detail reduces the stiffness and shear strength of 
the shear wall. Dimension lumber blocking (2x4 pieces), nailed to the studs at these free 
edges provides a stiff backup for nailing of the free edges. This is essential to create a 
monolithic plane for a structurally efficient shear wall as shown in the full wall elevation 
of figure 5. Nailing is required around the perimeter of each panel and along each stud, 
plus at the free edges to the blocking. Nail size and spacing, plywood thickness and type 
determine the allowable shear/foot capacity of a shear wall. Select these values from the 
local Building Code to provide adequate strength to resist the required tension tie-down 
and sliding force. 
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Fig. 6 - TYPICAL CORNER SHEAR WALL APPROACH 
TO RESIST OVERTURNING & SLIDING 
Figure 6 is a close-up of the complete left side wall of figure 3, with a plywood or OSB 
board shear wall at each corner, as typically done in residential construction. The total 
reaction "V" of the combined suction and pressure sides of the wall at the top is shared 
between the two shear walls of the superstructure. The totai"V" at the bottom of the wall 
is added to that from the top to get the total shear to be transferred between superstructure 
shear walls and the foundation. The illustration shows the full foundation to indicate that 
its weight becomes the counter-balance to the uplift at each shear wall and the sliding 
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resistance between bottom plate and the anchor bolts that are required under each shear 
wall and along the rest of the wall. The following rule-of-thumb is strongly recommended: 
• It is desirable to use loadbearing walls as shear walls whenever possible, since the 
uplift force is reduced by the weight of the floors and the roof supported by the shear 
wall. The net uplift force becomes much smaller, and requires less demand on the 
connection to the foundation. 
Two-story Residences 
The entire discussion for a one-story stability system is quite similar to that for a two-story 
stability system, utilizing the platform framing construction technique. Since platform 
framing involves merely stacking the second floor on the first, all the issues of overturning 
and sliding merely become additive from the roof level down to the foundation as shown 
in figure 7. (Next Page). Consider that the wind pressure and suction are the same 
magnitude across the windward and leeward elevations, so that the reactions at the top 
and bottom of each perpendicular stud shear wall become "V/2". Consider also that the 
entire second and first floor stud walls are sheathed with plywood to act as a shear wall. 
Therefore, the total shear between roof and double top plate of the second floor shear 
wall is "V". Spaced nail connections could likely transfer this shear. The bottom of the 
second floor shear wall will have concentrated wind pressure and suction reactions of 
"V/2" plus the "V/2" from the top of the wall. Thus a summing process is used in moving 
down from the roof to the foundation, which is indicated by a double force arrow at the 
bottom of the second floor shear wall. 
A total shear of "2V" must then be transferred between the bottom of the shear wall and 
the top of the floor plane. Again nailed connections would be expected. Besides the shear 
transfer at the second floor, the shear wall must be properly anchored with a tie-down 
connection between the first and second floors to resist the tension uplift from overturning 
at that point. Note that the same tension tie-down anchor is required at the right side of 
the illustration where compression is indicated, to account for the condition when the 
wind reverses directions and the right side becomes the tension uplift side. The top of the 
first floor shear wall will have the concentrated loads from above plus its own "V/2" wind 
load reaction. Thus, the total concentrated load on the first floor shear wall at its top will 
be "3V/2", requiring "3V" of shear to be transferred between the bottom of the second 
floor plane and the top of the first floor shear wall. This build-up of shear will require a 
much closer spacing of nails, or a series of metal connectors that will be discussed in 
Chapter 7. Lastly, the bottom of the first floor shear wall will receive the concentrated 
load from above plus its own "V/2" again. Thus, the total double arrow is the largest with 
a concentrated wind load of "2V". Consider that the residence is built on a slab-on-grade, 
so the final shear transfer between the shear wall and the foundation will be "4V", which 
can be handled by a series of anchor bolts as already discussed. The overturning force is 
significantly larger at the foundation for a two-story residence, and the tie-down force 
arrow is therefore shown quite large in figure 7. (Next Page). Although the rule of thumb 
about choosing shear walls that are already loadbearing walls is quite appropriate, it 
66 Platform Framing Structural Problems Chapter 5 
depends on the orientation of the floor and roof framing. Shear walls for wind in another 
direction may not have this potential to use the rule of thumb. Assuming that the 
residence is rectangular, shear walls will need to be selected somewhere on all four 
elevations to assure that the ability to transfer wind in any direction is present. 
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Fig. 7- TWO STORY WIND RESISTANCE 
The common platform framed construction of a two-story residence with only four-foot 
wide shear walls at each corner, as illustrated in figure 8, (next page) will have a difficult 
time resisting overturning and uplift, as well as sliding. This time the illustration has a 
basement and a first floor plane as shown. The height to length ratio of a monolithic shear 
wall is greater than 2:1 and it will be very flexible. This will lead to drywall taping 
fractures at corners of rooms and nai I pops. The most important issue; however, is that the 
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stability of a residence with flexible shear walls is highly questionable and \.viii mosf likely 
lead to damage or failure during a high wind storm event. The common practice of 
inserting insulation in front of the floor bandboards, again illustrated in figure 8~ will break 
the continuity of the shear wall into two distinct parts, each subjected to overturning and 
sliding. Unfortunately, the detail to tie the second floor to the first floor for tension uplift is 
usually omitted, which is close to having no stability at all. 
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Shear wall proportions are quite significant to the success of a stability system in resisting 
windstorm damage and potential failure of the total residence. Figure 9 illustrates 
approximate shear wall relative stiffness and relative tie-down force for several common 
situations. 
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The base condition is a single corner shear wall utilizing a 4' -0" x 8' -0" sheet of plywood 
or OSB board, subjected to a reaction of 1/2 of the wind load concentrated at the top of 
the wall. It is assumed to be non-loadbearing to keep dead load out of the discussion. This 
wall condition has been set with a relative stiffness of 1.0 and a resulting tie-down force 
of 1.0. All other examples are relative to this model. For example placing a shear wall at 
each end of the total wall length doubles the shear wall stiffness and reduces the tie-down 
force to 1/2, compared to the base model. Definitely an improvement over one corner 
shear wall. Laying the plywood sheets horizontal produces an 8' -0" x 8' -0" shear wall, 
which is 6 times stiffer and has 1/2 the tie-down force than the base model. This is a real 
improvement in stability. For the 4' -0" x 18' -0" two story shear wall at each corner, the 
relative stiffness is reduced to 1/50th of that of the base model. Using the 8' -0" shear wall 
width comes close to the stiffness of the base model with very little increase in tie-down 
requirement. As a rule of thumb: 
• Approximately square shear walls produce better stiffness and reduced tie-down 
requirements. 
Conclusions 
The mere placement of plywood or OSB Board at the corners of a residence, as most 
commonly done by contractors or developers, does not assure sufficient stability in high 
wind storm conditions, and leaves a home vulnerable to damage or even potential 
collapse. Shear walls are probably the least understood component of the overall stability 
system in any building. The most frequent shear wall detail omissions by contractors 
primarily involves connections and includes the following critical items: 
1. Installation of wood blocking and nailing at the sheathing free edges. Failures to 
employ blocking breaks the shear wall into pieces, rather than maintain a 
continuous monolithic surface. (See Figure 5). It should be noted that shear walls 
are not always four feet wide. LaFger shear walls may be required for higher wind 
resistance. If the plywood sheets are laid horizontal, and the free edges of the 
plywood are blocked and nailed to the stud wall, an 8' -0" wide shear wall can be 
easily constructed. Use of insulation board at the floor band board locations makes 
the shear walls discontinuous. (See Figure 8). Both of these practices must be 
eliminated. 
2. Single Stud at the ends of the Shear Wall. A double stud is required at each end of 
the shear wall and they should be nailed together. The tie-down anchor must 
connect that double stud to the foundation to resist the tension uplift. (See Figures 
4-8). 
3. The Tie-down System to the Foundation. The anchor bolts that connect the mudsill 
to the masonry or concrete around the perimeter of the residence, are not part of 
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the tie-down system at the ends of the shear walls. They can be uti I ized for 
transferring the shear across the foundation to avoid sliding of the wall. More 
anchor bolts may be required under the shear wall than typically used elsewhere. 
The tie-down anchor bolts are generally much longer that typical anchor bolts to 
engage enough foundation dead load to resist the net uplift. These tie-down 
anchors must exist at each end of the shear wall, as shown in figure 5, to account 
for wind from either direction. As stated before, these tie-down anchors must 
connect to the double stud at the ends of the shear wall. Chapter 7 wi II show 
readily available steel tie-down fabrications that are very simple to install. 
4. Sheathing Nailing requirements less than adequate. Most often contractors use the 
nailing schedule shown in Table 2 of Chapter 4, without regard for the smaller 
spacing of nails generally required for shear walls. The American Plywood 
Association (APA) publishes shear capacities of various shear walls with nailing 
size and spacing requirements for various thicknesses and grades of plywood. The 
APA Allowable Shear Capacities Table is included in all building codes as well. 
5. Treat the double top plate as a tension tie to the shear wall. The shear wall in 
figure 5 is at the left side of the total wall, most likely "pink" or "blue" board 
insulation will cover the remainder of the wall. The suction force at the top of the 
wall on the right side must get to the sheathed wall. Its path is along the double top 
plate, acting as a "drag strut". Thus, the double top plate must be continuous for 
the tension that develops in transferring the suction force to the shear wall. It must 
be without butt splices, but can be lap spliced to transfer the tension. 
6. Shear wall connection to the roof plane and floor planes. The wind is transferred 
from the windward and leeward elevations to the perpendicular sidewalls at the 
floor and roof planes acting as horizontal beams or "diaphragms". Laterally loaded 
nai Is must transfer the shear along the top and bottom of the floor planes and the 
bottom of the roof plane. Many times this nailing is inadequate (or totally absent) 
to transfer the wind load to the shear walls. 
It is worth repeating the following: 
• It is desirable to use loadbearing walls as shear walls whenever possible, since the 
uplift force is reduced by the weight of the floors and the roof. The net uplift becomes 
much smaller, and requires less demand on the connection to the foundation. 
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Chapter 6 - Miscellaneous Problems 
Introduction 
There are numerous wind-related issues related to platform framing that can be treated 
separately from the main topics of Chapters 4 and 5. This Chapter will address several 
important issues that are not given proper attention by the residential construction 
industry. 
Double Top Plate Problems 
Once the exterior stud walls have been erected and temporarily braced, as already shown 
in figure 3 of Chapter 3, it is time to add the second of the top plate members. The 
connection of this second top plate (or "double cap plate") to the top plate of all the stud 
walls is made from above with 1 Od common nails spaced at 16 inches on center as found 
in Table 2 and illustrated in figure 5 of Chapter 4. The "allowable" withdrawal capacity of 
these nails is based on the length of the nail's penetration of the point into the side grain 
of the stud wall's top plate. This capacity is very small (55.2 lbs/16". o.c.) and presents 
another potential weak link in the wind uplift chain. However, it generally stays attached 
to the lower top chord, since that connection has zero capacity, as shown in figure 4 of 
Chapter 4. The purpose of the top plate is to tie the entire perimeter of the building 
together at the top of all the walls; much like a belt used to tighten pants to the waistline, 
as shown in figure 1 below. The second top plate provides a tension ring to pr~vent 
separation of the tops of the walls and adds wind stability for the support of the next floor 
or roof structure during construction. 
CONTINUOUS TENSION TIE CORNER LAP 
B01TOM PLATE 
Fig. 1 - FUNCTION OF DOUBLE TOP PLATES 
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The building codes have very definite provisions to maintain the strength and continuity 
of the tension tie. The corners of the two layers of plates should be lapped as illustrated in 
figure 1. Double top plates should be butt spliced at a staggered spacing of 4' -0" 
minimum and the butt splices should be aligned with a stud in the wall. When the butt 
splices occur at a closer spacing, or do not align with wall studs, a code violation exists. 
Any openings cut in the double top plate to allow for the passage of vertical piping lines, 
for example, shall be strapped together to regain the continuity of the tension tie. All these 
issues are illustrated in figure 2. 
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Fig. 2 - DOUBLE TOP PLATES - CODE VIOLATIONS 
It is clear that the double top plate contributes to the stability of the building with respect 
to wind resistance of the residence and its details should be considered important. This is 
evident in Chapter 5, where shear walls require the double top plate to act as a "drag 
strut". The double top plate must also function as the flange of floor or roof diaphragms to 
satisfy the engineering model of these planes behaving similar to horizontal beams. 
The double top plate also serves a gravity load function to distribute the concentrated 
loads of the upper floor framing or the roof framing in one continuous vertical line, but 
this document will only concentrate on wind related issues. 
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Gable End Wall Problems 
Platform framing, when the architectural design calls for an interior cathedral or 
monos lope ceiling space, creates a significant wind problem for the end walls of the 
residence. Take for example the upper illustration of figure 3, where as usual the end stud 
walls follow the typical platform construction of the other exterior walls. 
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Above the double top plate is constructed a triangular shaped wall of 2x4's with a single 
or double sloping top plate. The fact that no horizontal ceiling plane exists makes this a 
very flexible end wall, within the central two-thirds of the wall length, where the greater 
height of wall exists. Due to the fact that nails are the only means of connection between 
the lower stud wall and the upper triangular wall, the wall has a structural discontinuity at 
the double top plate at the ceiling level of the first floor. The dotted lines and the black 
dot indicate how the wall will deform, which is called a mechanism, or rotation point that 
causes structural failure. It is very easy to prove the flexibility of such a platform framed 
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wall by merely pushing on it and watching it move. Drywall tape fractures, nail pops and 
diagonal or vertical drywall fractures generally occur under even small wind loads. High 
wind loads on such flexible end walls will produce a devastating failure condition. A 
significant improvement involves the addition of a vertical 4x4 post that extends from the 
foundation to the ridge in one piece. This is a good way to stiffen the wall. The double top 
plate will need to be cut to insert this post, but the strap detail of figure 2 can regain the 
lost continuity, if applied to both sides of the wall. If the roof structure is composed of 
metal plated trusses at 2'-0" on center, a prefabricated end-wall filler composed of all 
vertical 2x4's is used above the one story stud wall. Either way, the mechanism still exists. 
The lower illustration in figure 3 shows what would result if balloon framing were still 
used. This would present a much better wind resistance end wall plane, since all the studs 
are continuous and can therefore bend, rather than rotate as a mechanism. Many times 
end walls are constructed of 2x6's rather than 2x4's to provide additional stiffness and 
strength for wind resistance. Unfortunately, the typical available lengths of lumber today 
make balloon framing uneconomical for gable end walls. 
When a horizontal ceiling does exist at the level of the double top plate at the top of the 
end wall, the proportions of the room and the direction of the ceiling joists are significant 
to the bracing afforded the end wall for wind resistance. If the ceiling joists run parallel to 
the end wall, the ceiling will be a weak bracing plane. Additional diagonals between the 
ceiling plane and the roof are required to provide adequate wind bracing. This detail will 
be illustrated in Chapter 7. 
Half-Height Stud Wall Problems 
When a residence with a basement is only excavated a half level into the ground, 
concrete block foundations are typically erected to just above the finished grade. The 
remainder of the floor to ceiling height of 8'-0" is created with a short ("stub") stud wall 
segment constructed just as a typical full height stud wall as illustrated in figure 4. (Next 
Page). Horizontal earth and water pressures push against the foundation portion of the 
wall and wind loads push or pull against the above grade stub wall segment. A problem 
similar to the gable end wall occurs. The wall acts as though a pin exists at the block to 
stud wall connection, producing a mechanism that deforms the wall inward. This again 
will fracture interior drywall surfaces, tear tape joints and pop nails. 
The connection between exterior stud wall and foundation involves nailing between 
plywood or OSB board and the mudsill, which in turn is connected to the foundation with 
anchor bolts as illustrated. Unfortunately, the plywood or OSB board exists only at the 
corners and in between exists the non-structural blue or pink board insulation. The use of 
a half level below grade occurs quite often because cost savings result from reducing the 
volume of excavation and therefore the amount of soil removal. 
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Knee Walls in attics 
There are many existing older homes that have used the knee wall concept to create 
another room in the usually vacant attic space. To maximize the room size and minimize 
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the height of the residence, short walls called "knee walls" were used. The dead weight of 
any rafter type gable roof, plus potential snow load, will create an outward push or 
"thrust" against the knee walls. Thus, the studs must act in bending to resist the outward 
push, which is possible and acceptable if balloon framing was the method of 
construction. The studs are continuous in balloon framing and they merely act like a 
cantilever beam to resist the push. However, if platform framing is used, the "knee wall" 
becomes another "mechanism" sitting on the second floor. The wall has no bending 
resistance and rotates about its nailed bottom plate. This horizontal movement can be 
substantial, and results in the usual drywall tape tears and nail pops. It is possible for the 
corners to separate and create openings that let in air and snow. Collar ties are placed at 
the 8' -0" ceiling level and develop considerable tension trying to resist the outward thrust 
of the rafters. Since the Codes usually require only 3-1 Od common nails at each end of the 
collar tie, the nails pull out and therefore provide no tension resistance. When rafters bear 
at the exterior wall at the level of ceiling joists, these joists act as the tie to resist thrust. 
This is a better arrangement and attics can be easily converted to additional rooms. There 
will be little tension in collar ties in this situation. 
The previous discussion was based on gravity downward acting loads; however, wind 
load horizontal forces can rotate the entire attic to one side, much like figure 1 in Chapter 
5. Figure 5 below, illustrates the conditions for both types of framing options. 
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Chapter 7 -Wind Resistant Design 
Introduction 
The basic information contained in chapters 1 through 3 was intended to introduce 
the layman to the basics of wind loads on buildings, the basics of nailing behavior, 
and the basic problems with current platform framing. Chapters 4, 5 and 6 
explained in detail the problems associated with platform framing construction 
today. This Chapter will provide insights into the design ideas, concepts and 
framing requirements that will mitigate structural damage due to moderate to high 
winds. The information contained in this Chapter will benefit owners, contractors, 
and insurance carriers by providing a greater degree of safety to the occupants and 
a reduction in construction damage under the action of wind loading on residential 
construction. It will not guarantee that damage will be totally avoided, or assure 
safety from a direct hit from a tornado or from associated projectiles. But, the 
incorporation of the details contained in this Chapter will provide an opportunity 
to enhance the structural capability of the residence and provide a greater chance 
of mitigating structural damage; thus preventing residents from being forced to 
leave their home. The cost to incorporate these details is a very small amount of 
the cost of new residential construction. It will be a small price to pay for the 
potential benefit of security and safety. 
The Wind Uplift Chain - Recommended Storm Mitigation Details 
Basic Concept 
It was emphasized in Chapter 2 that the best connections used laterally loaded 
nails, and that the "allowable" capacity of a nail so loaded was enhanced further 
by the use of a metal side plate. 
Figure 1 (next page) shows the proper application of those two positive facts. A 
typical lightgage metal plate used to connect a bottom wood plate to a wood stud 
would be one like metal plate "A". The side view of such a connection reveals that 
all the nails (shown dotted) will be laterally loaded during wind uplift and have the 
added advantage of a capacity increase due to the metal side plate. The usual 
nailed connection, which involved withdrawal from end grain and easily broke the 
uplift chain, is eliminated. Figure 1 also re-emphasizes the usual failure from a 
withdrawal condition. The metal plate concept would be an ideal connection for 
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exterior stud wall areas where non-structural insulation board is used. Note that the 
pre-formed metal plate acts as a template with pre-drilled holes for nailing the 
wood parts exactly where they are intended to go. This eliminates nailing too close 
to an edge, or omitting a nail, since every hole must be filled with a nail. 
METAL 
CONNECTOR 
® 
WITHDRAWAL ON NAILS 
MECHANICAL 
BOND 
LATERAL LOAD ON NAILS 
Fig. 1 - PROPER USE OF NAILS I METAL PLATES 
There is a vast array of pre-formed I ightgage metal plates for an assortment of 
applications. Yet they all have in common the correct use of nails- always laterally 
loaded. 
Typical Stud Wall and Rafter Connectors 
Figure 2A and 28 illustrate just a few of the most common connectors used to 
properly complete the uplift chain and provide for tension load transfer from roof 
to mud si II. Each of these metal connectors has a set number of pre-dri lied holes, 
and each one must be fi lied with the size of nai I recommended by the 
manufacturer. If this procedure is followed, the "allowable" capacity for wind uplift 
shown in the manufacturer's catalog can be used for design. 
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The left side of figure 3 (below) utilizes metal connector plate type "A" forth~ 
bottom plate and a similar type "B" for the wider double top plate connection to a 
typical stud. This approach eliminates the code violation of nails in withdrawal 
from end grain, described in Chapter 2. Type "A" is an ideal connection for 
situations when the studs do not align with the roof trusses or rafters. The right side 
of figure 3 illustrates two different types of metal connectors that can also be used 
to achieve the same purpose. This particular case has a roof rafter in line with the 
stud and uses connector type "D" to basically tie the rafter to the stud and skip past 
the double top plate. This avoids slant nailing of the rafter and the potential for 
splits in the wood. The metal connector type "C" is used between the bottom plate 
and stud and properly loads the nai Is laterally. 
@ 
@ 
® © 
Fig. 3 - STUD TO WOOD PLATES -OPTIONS 
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Another approach to completing the wind uplift chain at the stud wall is shown in 
figure 4 (below). Again another set of lightgage metal connectors is used for a set of 
different conditions and required tension capacity. This time the strap type "E" 
connects the stud directly to the dimension lumber band board and bypasses the 
bottom plate. This allows the fabrication of the skeleton stud wall by the typical 
process of end grain nailing as shown in figure 1 of Chapter 4. Once the wall is 
erected and the top plate installed, the strap anchor is added. Thus, the nails used 
to make the stud wall in the traditional way never participate in transferring wind 
uplift. The straps do all the work and laterally load the nails. The strap anchor at 
the double top plate (type "E", but bent so called type "F") is bent over and 
laterally nailed into the side of the two top plate members. 
® 
® 
Fig. 4- STUD TO PLATES- STRAP TIES 
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There is a vast array of lightgage metal connectors intended for the purpose of 
connecting rafters or wood trusses to the double top plate as shown in figure 5. 
@ 
83 
Fig. 5- RAFTER/TRUSS CONNECTIONS TO DOUBLE PLATE 
Metal connector plate types "G", "H" and "J" are basically used when the rafters or 
trusses do not align with the wall studs below. These connectors attach to the 
double top plate directly. Laterally loaded nails again transfer all the wind uplift. 
Strap connector type "K" is used when the studs align with the metal plate 
connected roof truss. It wraps around and over the truss to avoid nailing into the 
pressed plate of the truss. The connector types "J" and "G" are intended primarily 
for the condition when the rafters create an overhang of the same slope as the 
rafter. 
The variety of connectors illustrated in all these figures only constitute a small 
number of the possible situations that can be confronted with the use of dimension 
lumber. Special lightgage metal connectors are available to deal with the "high 
tech" components illustrated in figure 6 of Chapter 3. The use of solid web "I" 
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joists is common for floor joists as well as roof rafters today, especially when 
longer spans are desired. Figure 6 illustrates such a connection between "I" joist 
and wall stud. 
DOUBLE 
TYPICAL STUD 
"" Fig. 6 - 11111 JOIST TO ST.UD WALL 
The manufacturers of theses connectors distribute catalogs to engineers and 
architects, which contain all the connectors made by a particular company and 
also tabulate the "allowable" uplift capacities that are available if the installation 
uses the required number and size of nails. A sample of the wind uplift capacities, 
increased by 1.33 for wind, for the connectors shown in this Chapter is found in 
Table 1 on the next page. The user of such a table must be able to calculate the 
required uplift force for the building in question or procure the assistance of a 
I icensed design professional. 
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TABLE 1 
Tension Uplift Capacities 
Capacities taken from Simpson Strong-Tie Connectors Manual, jan. 1, 1995 
Connector Type Allowable Uplift Capacity (lbs.) 
A 585 
B 890 
c 360 
D 335 
E 915 
' 
F (E) 915 
G 490 
H 455 
J 905 
K 930 
L 83 5-1 000 based on gage 
M _.c 1000 
N 1205 
-p 1005 to 1650 
Q 905 
R 685 
s 830 
·-
' 
Connectors at Second Floor Conditions 
Two story residences must deal with two levels of stud wall that must be connected 
across the second floor for the wind upltft chain. Where there is only insulation 
board sheathing, the walls must rely on the nailed connections typical to platform 
construction. It has been shown that this approach provides little uplift resistance 
due to the variety of withdrawal situations on the nails. Several types of strap 
anchors are available to provide proper continuity between the stud walls at the 
two levels, as illustrated in figure 7. (Next Page). 
Type "M" utilizes two separate, but identical, lightgage metal bent straps that 
connect the top and bottom studs to their plates and then to the bandboard. 
Connector type "N" bridges the bandboard and the top and bottom stud wall 
plates, and connects directly to the sides of the first and second floor studs. Type 
"P" is a continuous straight plate that nails laterally to all the components in the 
chain- across the second floor. The capacities of these three metal connectors are 
also found in Table 1. 
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® 
"" Fig. 7- SECOND FLOOR STUD WALL CONNECTIONS 
Connectors to the Foundation 
The continuation of the wind uplift chain at the foundation should also be 
accomplished with metal plates. Connection of the stud/bottom plate to the 
bandboard should be done with bent straps like type "E" or straight straps, such as 
type "Q" shown in figure 8 below. The connection of the bandboard to the mudsill 
should either be done with an extended strap or with the connector type "R", also 
shown in figure 8. (Next Page). 
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This completes the discussion of the typical wood connections used for the wind 
uplift chain, from the rafters down to the mudsill. These metal connectors are used 
for the wall areas that are to be sheathed with insulation board. 
The options for the connection of the mudsill to the actual CMU or cast-in-place 
concrete foundation are numerous with lightgage metal plate-type connectors. 
Connector type "S", as shown at the bottom of figure 9 (next page), is fast and 
efficient to install. It is set in the concrete while it is curing, and after the concrete 
hardens it wraps around the mudsill and is held in place with nails. There is no 
drilling, or interference with the wood framing, as with the projection of anchor 
bolts. There are other similar types that have long straps to connect to the band 
board as well. Should anchor bolts be used, it is recommended to avoid round 
washers, which have very little area, and substitute square washers as shown in 
figure 9. This increases the bearing area between wood and steel, and avoids the 
tear out condition at the mudsill shown in Figures 19C and 21 B of Chapter 4. 
Another excellent idea for CMU foundation walls is to use a lintel block course at 
the top, filled with a continuous #5 reinforcing bar and grout, and install the 
anchor bolts into the second block. This will engage significant dead weight of 
wall between anchor bolts. This detail, important to uplift resistance in one-story 
homes, is shown at the top of figure 9 on the next page. 
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Fig. 9 - ANCHORAGE TO FOUNDATION - OPTIONS 
It is feasible that the contractor or the owner may prefer to uti I ize plywood or OSB 
board to sheath the entire residence. This would avoid the use of most metal plate 
connectors illustrated so far in this Chapter to resist the wind uplift chain of force, 
except the connection between the wall and roof trusses or rafters. Several 
concepts discussed throughout the previous chapters must be applied and are 
repeated here for emphasis. The plywood must remain continuous by the use of 
blocking at all free edges, and insulation board should not be used at the floor 
level band boards. Also, the structural sheathing shall not be butt spliced at the top 
or bottom of a stud wall's horizontal wood plates. Butt splices shall occur halfway 
up the second floor band board. For end walls, as shown in the top drawing of 
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figure 3 in Chapter 6, the plywood must extend to the sloping roof plane. This 
means all the way to the top plate of the sloping stud wall. The plywood or OSB 
board must be nailed to all horizontal plates from the mudsill to the double top 
plate at the roof, and of course to all vertical studs at the spacing as scheduled in 
Table 2 of Chapter 4. Figure 1 0 below illustrates all these points. It should be noted 
that it is actually stronger, but more effort, to have the sheathing butt splices 18 
inches above the floors and this may be required for higher wind requirements. 
RECOMMENDED 
BUTT 
SPLICE 
LOCATION-~ 
NAIL EACH 
PANEL TO 
THE 
BANDBOARD 
NAIL 
EACH 
• 
• 
PANEL • 
TO THE 
BLOCKING 
PLYWOOD 
OR 
OSB SHEATHING 
FLOOR 
JOISTS 
METAL CONNECTOR REQUIRED 
BE1WEEN TRUSS AND 
DOUBLE TOP PLATE 
BLOCKING 
REQUIRED 
Fig. 10 - TOTAL USE OF PLYWOOD OR OSB BOARD 
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Garage wall to Foundation Detail 
Garages present the most damage prone part of a residence, once the garage door 
plane is broken and wind can enter the garage space. Chapter 1 illustrated the 
behavior of the garage interior space, depending on wind direction, while Chapter 
4 illustrated the variety of foundation failure details. The preferred detail for a deep 
(4 or more block courses) garage foundation is the one shown in figure 11 below. 
The main issue discussed in foundations for garages in Chapter 4, was the use of 
the 4" CMU course to complete the top of the wall and the use of an 8" long 
anchor bolt. It is recommended to use an anchor bolt that will extend through 
three courses of block and be lapped with vertical reinforcement to engage the 
footing. Anchor bolt spacing is a function of wind uplift required. The footing 
should be reinforced with (2)- #5 horizontal reinforcing bars continuous around 
the perimeter of the garage. Square washers should be used as shown before. The 
cores receiving the vertical reinforcement and anchor bolts should be grouted solid 
for the full depth of the foundation wall. This detail will provide sufficient 
counterweight, and even engage the concrete slab-on-grade, to prevent uplift and 
sliding. 
II II I II II I~ ~II II 
1YPICAL WASHER 0 
REPLACE WITH a :3" SQ. x 1/4 It 
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Fig. 11 - RECOMMENDED DEEP GARAGE 
FOUNDATION WALL 
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Illustration of Wind Uplift Chain Force 
It is time to illustrate the wind uplift force for which the chain of connections along 
the exterior wall must provide resistance. Consider a modest size one-story 
residence of plan dimensions 32 feet wide by 60 feet long. The residence will use 
platform framing with dimension lumber for all framing members. Prefabricated 
metal plated wood trusses spaced at 24 inches on center will span the 32' width of 
the residence and bear on the long exterior walls. There is a 2-foot overhang also 
assumed. For simplicity, consider that the floor framing runs parallel to the length 
of the house, so that its dead load will not enter into the calculations. The roof 
dead load will be assumed as 15 psf, based on asphalt shingles, 5/8" drywall 
ceiling, and 5/8" plywood roof sheathing and 8" batt insulation. The roof dead 
load will be included in the calculations. The uplift force will be calculated for two 
situations: (1) the direct wind uplift force (T uP), and (2) the overturning force (T 0v) 
of the roof about the pivot at one wall. Figure 12 below and figure 13 (next page) 
illustrate, respectively, these two situations. 
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Fig. 12 - DIRECT WIND UPLIFT 
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PIVOT 
A structural engineer can typically perform the calculations involved in finding the 
uplift force for both of these situations. Certain provisions that are required by most 
building codes would be incorporated in those calculations. For example, only 
2/3rd's of the roof dead load can be counted, so as to produce a conservative uplift 
force magnitude. Two variables were considered for the analysis: (1) a roof slope 
that could be anywhere from 3 in 12 to 12 in 12, where the first number indicates 
the rise of the roof (h) in inches for every 12 inches of horizontal span, and (2) a 
wind speed that varies from 70 to 100 MPH. Table 2,created by this author (next 
page) includes the computer generated results based on an uplift force in pounds 
per foot of building length. Values replaced by a(*) did not produce uplift. 
The use of Table 2 is merely illustrative of the magnitudes of force that the uplift 
chain can produce on a one-story residence. First, it should be apparent that the 
uplift force for overturning is always smaller than that for direct uplift, so the values 
in that part of the Table will be used for discussion. Second, start for example, with 
a 5:12 roof slope and a geographic region where 80 MPH is the Code prescribed 
wind speed for design. The direct uplift design force is 294 pounds per foot of 
building length. If the wall studs are 16 inches on center the 294 should be 
multiplied by 1.33, resulting in 391 pounds at each stud. Consider that this force 
occurs where insulation board, rather than structural OSB or plywood exists. A 
review of the uplift capacities for the typical nailed connections in platform framed 
stud walls (shown in figure 8 of Chapter 4) indicates that no connection in the 
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chain provides a sufficient allowable capacity to keep the complete uplift chain 
secure. However, use of metal connectors that are shown in Table 1 of this Chapter 
reveals that all connector types except "C" and "0" are capable of handling the 
required uplift force. This single example proves how important the metal 
connectors are to producing a house that can withstand the tension-uplift in an 80-
MPH wind. This example, using connector types "A" and "B" requires metal 
connectors at every stud; however, if connector types "E" and "F" are used they 
could be spaced every other stud. The required force would be 2 x 391 = 782 lbs., 
which is less than the Table value of 915 lbs. Thus, it can be seen that options are 
available, and it is not always required to use connectors at every stud where 
insulation board is used. 
TABLE 2 
Uplift Requirements for a Single Story Residence 
7:12 
TO 
12:12 
7:12 
8:12 
TO 
12:12 
186 
142 
CONNECTION SPACING0N) 
MULTIPLIER 
SPAN (L) 
32' 
294 
240 
12 
1.0 
ROOF DL 
15 PSF 
416 551 
350 475 
16 19.2 24 
1.33 1.6 2.0 
48 
4 
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Where plywood or OSB board is used in place of insulation board and it is 
properly connected as shown in figure 10, there will be no need for the metal 
connectors to resist the uplift chain. The only exception is the metal connection 
between the tops of the walls and the roof trusses or rafters. 
Clearly, the values found in Table 2 are only for a particular building width of 32 
feet. Many tables would have to be produced to cover a multitude of situations. 
This Table was merely representative, and used to make a point about the need for 
metal connectors. Note also that this table was prepared for a one-story house, 
another set of tables would be necessary for two-story residences. 
Stability of the Total Residence 
To achieve building stability with plywood or OSB board shear walls it is essential 
to correctly complete an assortment of connection details. Figure 5 in Chapter 5 
showed a correctly bu i It one-story shear wall that started from a concrete or 
masonry slab-on-grade residence. From that figure and figure 8 of Chapter 5, it is 
possible to list the important connections: 
Sheathing Continuity - For shear resistance and Stiffness 
1. Nailing around the perimeter of the shear wall and at each stud location. 
2. Nailing the free edges to blocking behind the sheathing. 
3. Double studs at the ends of the shear wall. 
4. Continue the sheathing from the mudsill to the roof plane, even if the roof is 
sloped the plywood should be cut to the slope. 
5. Transfer shear at roof and floor planes to the shear wall with appropriate 
connections. 
6. Transfer shear at the foundation by means of a sufficient number of anchor 
bolts spaced along the entire wall. 
7. Proportion the shear based on the magnitude of the total horizontal wind 
forces at each level, and for stiffness to reduce building movement 
according to the options in figure 9 of Chapter 5. 
Tie-Down - Overturning Resistance 
1. Provide anchorage between both ends of the shear wall and the foundation. 
2. Engage sufficient foundation weight to resist the net tension due to 
overturning. It is recommended to frame the floors and roof into the shear 
wall to reduce the net tension uplift required of the foundation weight. 
3. For two story residences provide anchorage between the first floor and 
· second floor parts of the total shear wall at its ends. 
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Connectors for Tie-Down - Tension Resistance 
The most versatile style of tie-down metal connector available is shown in figure 
14. 
TENSION IN STUDS 
SHEAR ON BOLTS 
MECHANICA 
BOND BE1WEEN 
ANCHOR BOLT AND 
GROUT IN CORES • SIDE ELEVATION 
Fig. 14- TYPICAL TIE-DOWN DETAIL TO FOUNDATION 
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This tie-down anchor can be used for concrete slab-on-grade situations, where the 
anchor bolt is set into concrete or into the grouted core of concrete block. The 
difficulty is in the accuracy of placement of the anchor bolt to align with the base 
of the connector and also align with the double stud. It may be easier to set up the 
wall and anchor base, then drill into the hardened concrete and set an adhesive 
anchor, where epoxy bonds the bolt to the concrete or the grouted core. 
When the tie-down anchor bolt must pass through floor framing, the bolt should be 
positioned inside of the band board, rather than drilling into the band board. The 
length of the anchor bolt into the concrete or into the grouted CMU's is a function 
of the magnitude of the wind uplift force. The anchors come in various lengths and 
with various numbers of boltholes in the base to transfer larger forces. The capacity 
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of such tie-downs ranges from 2800 lbs. to 8300 lbs. and varies with anchor bolt 
diameter, and number and size of bolts into the double stud. The depth of 
penetration of the anchor bolt into the concrete or grout must be calculated 
separately, since it is not supplied by the manufacturer's manual. 
A two-story shear wall may use the same style of tie-down between the first and 
second story stud wall, as at the foundation. This is shown in figure 15. 
Fig. 15 - TWO STORY SHEAR WALL 
TIE-DOWN SYSTEM 
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A close-up of the tie-down detail at the second floor is shown in figure 16. 
PLYWOOD 
OR 
OSB 
SHEAR 
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MINIMUM 
FLOOR JOIST 
STUDS 
Fig. 16 -TWO-STORY 
·----~----...... Tl E-DOWN 
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The plywood sheathing for shear walls follows the same details as shown in figure 
10. No insulation should break the continuity at the band boards. All the listed 
items requiring connections are found in the details shown here. 
Tables can readily be developed to determine the magnitude of the tie-down force 
required for a particular wind speed, determine anchor bolt embedment lengths 
and diameters, the number of bolts to the double studs, etc. This will likely become 
an appendix to this manual in the near future to assist contractors in the structural 
design of typical one and two story residences. From what has been shown here, it 
is quite obvious that most corner plywood typically used to stabilize a residence, is 
slightly better than cosmetic, very incomplete in its detailing, and can only provide 
a fraction of the stability that proper detailing can provide. 
New Concepts in Tie-Down Anchorage 
New concepts for tie-down anchoring systems for one and two-story residences are 
always being developed. The most recent products are an attempt to deal with 
hurricane forces along the Gulf Coast, but are equally applicable to general high 
winds that this document addresses. One of particular interest for new construction 
involves continuous rods that connect between the foundation and the double top 
plate at the top of a one or two-story residence. These rods are usually placed at 6'-
0" on center just as anchor bolts are placed at the mudsill. A rod is positioned at 
each corner of the building, at window or door header locations, and at the ends 
of shear walls. Thus, direct uplift and overturning are accounted for around the 
perimeter of the home. Sleeves are set around the perimeter of the foundation, 
whether in a grouted concrete block wall, a cast-in-place concrete wall, or 
concrete footing at each of the locations described above. The platform framing is 
constructed and holes are drilled through the horizontal wood plates. It should be 
noted that the rod passes behind the bandboards and are not drilled. The rods are 
dropped through the holes in the wood and are screwed into the sleeves. A steel 
bracket is then attached to the rods atop the double top plate. Figure 17 (next page) 
illustrates the concept. Note that the roof still requires metal connectors to 
complete the tension chain to the roof trusses or rafters. This is shown on the right 
side of the double top plate in the illustration. It is also possible to use the rod and 
connect to the roof by means of steel angles as shown on the left side of the 
illustration. 
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TOP 
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Fig. 17 - TENSION ANCHORAGE ASSEMBLY 
Figure 18 (next page) is a repeat of figure 15 for a two-story residence, except it 
incorporates the total length rod concept utilizing couplers shown in figure 17. 
Keep in mind that this system is primarily used for new construction. 
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BOLTEDTI7 
Fig. 18 - lWO-STORY ROD ANCHORAGE SYSTEM 
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Retrofit Connectors for Existing Residences 
There are many existing homes that could benefit from retrofit metal connectors to 
add resistance capacity for the wind uplift tension chain. Several of the types 
already shown might be applied to that purpose. However, Some types are already 
su :~ed to particular elements in the tension chain. Figure 19 illustrates a metal strap 
tie-down of a floor joist. The strap is used to complete the tension chain when 
joists are split due to slant nailing or when anchor bolts do not provide enough 
length into the foundation or where anchor bolts do not exist. The connection is 
nailed to the floor joist and expansion anchors to the foundation wall. Crawl space 
homes do not usually have foundations with sufficient weight to resist uplift and 
may require pouring blocks of concrete at the ends of shear walls to add additional 
resistance to uplift and incorporate the metal strap. 
Fig. 19 - FLOOR JOIST TIE-DOWN FOR 
BASEMENTS OR CRAWL SPACES 
The wall studs can be tension tied to the foundation with the detail shown in figure 
20. (Next Page). The bolt to the foundation would provide additional capacity if it 
were an adhesive anchor. This detail is useful in garages that are not internally 
sheathed with drywall. 
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Fig. 20 - WALL STUD TENSION TIE-DOWN 
Miscellaneous Recommendations 
Double top Plate Details 
Chapter 6 outlined all the problems with double top plate construction in platform 
framing. Figures 1 and 2 in that Chapter illustrated the correct installation of the 
top plate. The correct code required details are as follows: 
1 . Lap the double top plate at the corners. 
2. Stagger butt splices a minimum of 4'-0". 
3. Never butt splice a top plate between studs, the splice must always occur 
directly on top of a stud. 
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4. Avoid notches, but install straps if notches are unavoidable. 
Gable End Wall Upgrade Details 
The behavior of gable end walls in platform framed construction, subjected to 
wind loading, was illustrated in figure 3 of Chapter 6. The solution for a cathedral 
ceiling behind the wall was to add 4 x 4 wood posts as often as it takes to stiffen 
the wall. Re-connect the double top plate with metal straps. Another solution is to 
introduce a rectangular fireplace near the center of the room. This will add 
significant stiffness to the wall. 
If a flat ceiling exists behind the wall, and the roof is constructed with closely 
spaced wood trusses, the detail illustrated in figure 21 is practical and adds 
substantial stiffness. To clarify the detail; the end wall being braced is on the right 
side. A wind pressure across the wall will produce a concentrated wind load at the 
double top plate of the first floor stud wall. This force is diverted into the diagonal 
wood brace and spread into the gable roof sheathing planes. A wood blocking 
assures distribution of the concentrated force from the diagonal. A metal strap plate 
ties the stud wall to the gable end sloping stud wall or the gable end truss unit. The 
wind pressure puts the diagonal in compression, which is the critical case for 
design of the diagonal wood member. If suction occurs on the gable end wall, 
tension occurs. This is usually the critical condition for connection design. This 
detail usually occurs about 3 or 4 times across the end wall elevation, evenly 
spaced. 
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Fig. 21 - PLATFORM FRAMING-GABLE END SECTION ~ 
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Conclusions 
This Chapter has summarized the appropriate details to overcome the difficulties 
with platform framing. The wind uplift chain, the building stability system, and 
miscellaneous items were discussed, options presented, and recommendations 
made. All the comments of this Chapter were intended to produce a structurally 
better home with a higher safety factor than now produced from typical platform 
framing techniques. The increased resistance to wind uplift, overturning and sliding 
in a residence does not come without a cost increase factor. It is estimated that 
incorporation of the recommendations found in this Chapter will add an average 
1 °/o-2°/o to the initial cost of the residence. Obviously if it is a complicated house, 
with many offset rectangles, walls with a predominance of glass, or 10 foot floor to 
ceiling heights, the cost will be a larger percentage, and a structural engineer 
should review the design. 
Footnote 
This document has not addressed the upgrade of garage doors, since it is not a part 
of light frame construction. Suffice to say, that heavier gages runner tracks and 
reinforced door panels should be available through door manufacturers. 
Projectiles that exist during a windstorm, tornado or hurricane are many sizes, 
shapes and weights. They may hit a brick wall with no problem, or completely 
penetrate a wood sided stud wall, or a window and cause considerable damage. 
An entire roof may become a projectile and completely destroy whatever it hits. 
The weather service notification for tornadoes has gone from 1 0 minutes to 30 
minutes. It is now possible for homeowners to move potential projectiles, such as 
cars and patio furniture into a garage, close shutters that may exist, and proceed to 
a safe location within their home before a severe storm strikes. Shutters on all 
windows afford the best protection against projectiles in the outer fringes of a 
tornado or severe windstorm. 

